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INVOLUNTARY MOTIONS OF THE EYE 
DURING MONOCULAR FIXATION * 


BY FLOYD RATLIFF AND LORRIN A. RIGGS 


Brown University 


INTRODUCTION 


The eyes are continually in mo- 
tion, even when an attempt is made 
to maintain steady fixation. These 
small involuntary motions of the eye 
during fixation are sometimes referred 
to as physiological nystagmus. 

The general purpose of this experi- 
ment is to measure the physiological 
nystagmus during monocular fixation 
of a stationary object. Both verti- 
cal and horizontal components of the 
movements are recorded simultane- 
ously by means of a photographic 
method. The extents, frequencies, 
and directions of the movements are 
determined by measurements of the 
photographic records. On the basis 
of the data obtained from these re- 
cords conclusions are drawn regarding 
the motions of the retinal image of the 
object being fixated. 

The significance of this problem lies 
in the fact that great difficulties are 
encountered when an attempt is made 
to explain the observed facts of visual 


* This research was carried out in the Psy- 
chological Laboratory of Brown University un- 
der Project NR-1, 41-359, Contract N7onr-358, 
Task Order II, between the Office of Naval Re- 
search and Brown University. 
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acuity solely on the basis of the physi- 
cal properties of light, the optical 
properties of the eye, and the dimen- 
sions of the retinal receptors. 

Recently, several investigators have 
considered the possible importance of 
physiological nystagmus in determin- 
ing the limits of visual acuity. How- 
ever, no clear relationship between 
physiological nystagmus and visual 
acuity has been demonstrated experi- 
mentally. (Experiments desigued to 
determine whether or not such a rela- 
tionship exists are now in progress in 
this laboratory.) 

Aside from the acuity problem, 
physiological nystagmus is an im- 
portant factor in relation to the pos- 
sibility of microstimulation of retinal 
receptors. It is evident that single 
receptors or very small areas of the 
retina of the living human subject 
cannot be stimulated alone unless the 
eye movements are of negligible size 
or unless some method is designed to 
circumvent the effects of the motions. 


History OF THE PROBLEM 


The existence of physiological nystag- 
mus was suspected long before there was 
any objective experimental evidence of 
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it. Jurin (8), in 1738, noted that the 
visual angle must be greater to distin- 
guish two marks as separate from one 
another than to recognize a single mark 
by itself. His suggested explanation was 
that when the eye trembles to separate 
images merge together, while a single 
image may continue to be seen in one 
location after another. 

Helmholtz (6), about 1860, recognized 
the fact that the maintenance of perfect 
fixation is extremely difficult. He sup- 
posed that this “wandering of the gaze” 
served to subject all parts of the retina 
to alternating strong and weak stimula- 
tion, thus preventing the development of 
retinal fatigue. Since Helmholtz several 
different techniques of recording these 
movements have been devised. 

A search of the literature reveals that 
E. B. Huey (7), about 1899, was one of 
the first experimenters to record this 
wavering of fixation by objective meth- 
ods. Huey’s apparatus consisted mainly 
of a very light stylus recording apparatus 
attached to a cup capping the cornea. 
The apparatus was designed to record 
eye movements on a smoked drum during 
reading, but was later slightly modified 
to measure reaction times. Huey found 
that he had to deduct a small amount 
from the measured reaction time because 
of a tremulous motion of the recording 
pointer which occurred while the subject 
was maintainice what he thought was an 
absolute fixation. It was evident that 
some motion of the eye was occurring 
even during ‘steady fixation.’ 

Delabarre (2), 1897-98, independently 
devised a method quite similar to the one 
used by Huey. However, Delabarre 
apparently did not publish any of the 
results which he obtained using this 
method. 

In 1898 Orschansky (13) devised a 
photographic method of recording eye 
movements. The attachment to the eye 
consisted of a metal or glass shell made to 
fit over the cornea. There was a small 
opening in the shell for the pupil and a 
small mirror was attached to the side of 
the shell. Records of movements could 
be obtained by reflecting a light from a 
small source on to a moving film by 
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means of the mirror. Apparently Or- 
schansky did not publish any of the re- 
sults of his method either, but the method 
alone merits some attention since it was 
the forerunner of several methods of 
similar nature, including the one used in 
the present experiment. 

In 1901 Dodge and Cline (3) devised a 
photographic method of recording eye 
movements which did not require the use 
of attachments to the eye. Originally 
the method consisted of photographing 
the eye itself by means of a slowly moving 
film. Later the method was modified 
and instead of photographing the eye di- 
rectly, they photographed a bright verti- 
cal line reflected from the cornea. Dodge 
and Cline did not investigate eye move- 
ments during fixation at this time, but 
their method was used by other investi- 
gators. 

McAllister (10), in 1905, investigated 
the behavior of the eye when an observer 
is attempting to fixate a point. The 
method used was similar to that used by 
Dodge and Cline. However, since the 
bright spot on the cornea photographed 
by Dodge and Cline does not move 
through exactly the same path as the 
surface of the cornea, some modification 
was necessary. Instead of using light 
reflected from the cornea McAllister 
photographed a fine flake of chinese white 
adhering to the cornea. One of the con- 
clusions drawn from the results of McAl- 
lister’s experiment is that the image of a 
point fixated does not fall on any particu- 
lar part of the retina, but may fall on any 
point of a considerable area of the retina. 
The angular diameter of the area of 
“wandering” of the image of a fixated 
point as reported by McAllister appears 
to be about one degree. 

Dodge (4), in 1907, in addition to the 
methods described earlier, used an after 
image method for the study of visual 
fixation. He found that even the great- 
est effort to fixate some point does not 
keep an after image motionless. In his 
own case Dodge found the angular diam- 
eter of the area of wandering to be about 
10 min. of arc, with occasional more vari- 
able movements of nearly 30 min. of arc. 
Dodge states that the main theoretical 








MOTIONS OF EYE DURING FIXATION 


value of the after image demonstration is 
the conclusive evidence which it furnishes 
that the rhythmic movements involve 
actual movements of the point of regard 
and not merely misinterpreted head 
movements. 

In 1911 Marx and Trendelenburg (11) 
carried out what is probably one of the 
best of the early objective studies of 
physiological nystagmus. Their method 
was similar to the one devised by Or- 
schansky. A thin aluminum shell was 
constructed to fit the cornea and sclera 
of the subject’s eye. A small opening 
was cut in the center of the shell to pro- 
vide an opening for the pupil. A small 
mirror was placed to one side of this open- 
ing. Light from a small source was re- 
flected from the mirror and photographed 
on a moving film. Head movements 
were recorded simultaneously by means 
of a mirror attached to a pince-nez frame 
fastened securely to the nose. Head 
movements were controlled to a certain 
extent by means of head rests and a bit- 
ing board. Only one subject was used. 
The main results of the experiment were 


as follows: During the fixation of a point 
the eye carried out constant large and 
small movements which were usually not 
greater than four to five and a half min. 


of arcin extent. In some cases the devi- 
ations from ‘perfect’ fixation exceeded 
the above values; yet they were always 
small enough for the image of the point 
to remain within the limits of the fovea. 
No significant difference was noted be- 
tween the horizontal and vertical com- 
ponents of the eye movements. (These 
two components were not measured si- 
multaneously since the apparatus was 
capable of measuring only one compo- 
nent at a time.) Head and eye move- 
ments did not seem to be closely related. 
Occasionally, sudden shifts of the eye 
occurred. 

In 1934 Adler and Fliegelman (1) in- 
vestigated the problem of eye movements 
during fixation. Their method was simi- 
lar to that used by Marx and Trendelen- 
burg, except that a small mirror was 
placed directly on the eye. The subject 
held the upper eyelid open with his finger 
in order to prevent involuntary lid clo- 
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sures. Light from a ribbon filament 
lamp passed through a lens and was re- 
flected from the mirror, finally coming to 
focus on the moving film of an electro- 
cardiographic camera. Apparently only 
one subject was used and only horizontal 
movements of the eye were recorded. 

Adler and Fliegelman describe three 
types of movement which took place dur- 
ing the fixation of a cross hair on a white 
background. (1) Rapid shifts of the eye 
occurring at the rate of about one per sec. 
and involving an excursion of 12.5 to 
17. min. of angular rotation. (2) 
‘Waves’ occurring at the rate of five 
or more per sec. with excursions of 2.5 
to 5 min. of angular rotation. (3) Fine 
vibratory movements, 50 to 100 per sec., 
having average excursions of two min. 
and fourteen sec. of angular rotation. 
In addition to the ‘types’ of motion de- 
scribed above, there was noted a tend- 
ency for the eye to gradually ‘drift’ in one 
direction or another. 

In 1948 Lord and Wright (9) recorded 
eye movements during monocular fixa- 
tion. Their method was as follows. A 
beam of ultraviolet radiation falls on the 
cornea from a source so placed that the 
light transmitted through the cornea 
falls on the subject’s blind spot when he 
fixates his eye on the test object. Part 
of the ultraviolet light is reflected at the 
cornea, this reflected beam falls on a 
horizontal straight edge, and the other 
part on a vertical straight edge. As the 
eye moves, more or less of che radiation 
passes by the straight edges. The part 
of the radiation which passes the straight 
edges is, in each case, focused on to an 
electron multiplier photocell. The out- 
put of each photocell is fed to an ampli- 
fier and cathode ray oscilloscope, operat- 
ing without a sweep circuit. The traces 
of the two oscilloscope beams are photo- 
graphed by means of a continuously 
moving film. Horizontal and vertical 
components of the eye movements may 
be deduced from the records on the film. 
The authors state that the apparatus is 
sufficiently sensitive to detect eye move- 
ments of one min. of arc. Deflections 
due to noise from the multipliers are said 
to be equivalent to movements of not 
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more than half a min. of arc, as a general 
rule. Head movements were recorded 
by means of an artificial cornea attached 
rigidly to the front teeth of the upper jaw. 

These investigators state that the main 
feature which distinguishes the eye move- 
ments from the head movements is the 
rapid ‘flick’ lasting 0.02 to 0.03 sec. and 
indicating a momentary angular move- 
ment of the eye of amplitudes ranging 
from about three to fourteen min. of arc, 
and an average frequency of about two 
per sec. for one subject and three every 
two sec. for another subject. Lord and 
Wright state that between these move- 
ments most of the recorded movement 
could be attributed to head movements, 
although in the absence of simultaneous 
head and eye movement records this is 
not certain. The records suggest that 
after each ‘flick’ the eye may take up a 
slightly different fixation direction dis- 
placed some few min. of arc from the 
previous direction. After-image experi- 
ments seem to confirm this interpreta- 
tion. In the majority of cases random 
movements of 10 or 20 min. of arc com- 
monly occur. Tests made with various 
fixation targets showed no variation in 
fixation ability, relative to the day to day 
variation in ability to fixate a given 
target. Lord and Wright state that 
there is little evidence of any fine vibra- 
tory movements having a period of the 
order of 0.02 sec. as reported by Adler 
and Fliegelman. : 

O’Brien and O’Brien (12) in 1948 ob- 
tained results from an experiment which 
indicated that no movement of the eye 
greater than two min. of are occurred 
during periods of } sec. or less. A single 
star test object was presented for mono- 
cular observation in the center of a black 
disc subtending 15 min. of arc and sur- 
rounded by a large, white adapting field 
illuminated steadily. The star was il- 
luminated by short bursts of 10-microsec. 
flashes. The frequency of the flash rep- 
etition within a burst was varied from 
18 to 240 per sec., and the duration of a 
burst from $ to 1/100 sec. In no case 
were multiple star images visible, from 
which finding the authors draw the con- 
clusion that no ocular movement as great 
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as two min. of arc occurred during a 
burst of flashes. 

Hartridge and Thomson (5), in 1948, 
used a greatly improved corneal refiec- 
tion method to measure eye movements 
during fixation. A cine camera capable 
of taking up to 60 frames a second photo- 
graphed a magnified image of a light 
source reflected from the cornea as well 
as two images of areference source. The 
fine definition and absence of blur in the 
enlarged image of the corneal reflection 
led these investigators to the conclusion 
that the eye could not be performing 
rapid vibratory movements. 


This summary of the studies of 
physiological nystagmus indicates that 
there is recent experimental evi- 
dence to support three different posi- 
tions with regard to rapid vibratory 
motions, as follows: (1) The eye is in 
motion during fixation, and among 
the motions are fine vibratory move- 
ments averaging in number from five 
to ten in 0.1 sec. and having average 
angular extents of slightly more than 
two min. of arc (Adler and Fliegel- 
man). (2) The eye moves during 
fixation, but there is little evidence of 
fine vibratory motions having a period 
of the order of 0.02 sec. (Lord and 
Wright). (3) The eye is essentially 
motionless during short periods of fix- 
ation (Hartridge and Thomson). 


EXPERIMENTAL SECTION 


Purpose of Experiment 


The primary purpose of the present 
experiments is to resolve the conflict 
in the above evidence on the existence 
of ‘fine vibratory eye movements’ dur- 
ing monocular fixation of a stationary 
test object. To this end it has been 
necessary to devise apparatus which 
will make photographic records of 
even the most minute of these move- 
ments under conditions as comfortable 
as possible for the subject. The re- 
sults are interpretable in terms of 
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their contribution to visual acuity 
under optimal conditions of fixation. 


Apparatus 


A photographic method of recording was 
used. The basic elements of the recording ap- 
paratus are shown in Fig. 1. A source of light 
was placed at a point in the focal plane of a lens 
so that the rays from the source became parallel 
when they passed through the lens. These par- 
allel rays were reflected from a plane mirror and 
passed back through the same lens. The rays 
then came to a focus on a moving strip of film in 
the focal plane of the lens. Any movement of 
the plane mirror resulted in a proportional dis- 
placement of the image of the light source on the 
moving film. 














Fic. 1. Basic elements of the 
recording system 


The contact lens arrangement 


It is obvious that the cornea itself could not 
be used for the reflecting surface with this type 
of apparatus, since it does not have a plane sur- 
face. The best solution to the problem of pro- 
viding the necessary plane surface seemed to be 
a modification of the methods used by some of 
the earlier investigators in which a cup-shaped 
attachment with a mirror on its outer surface was 
fitted to the eye. The modern contact lens, now 
in widespread use, fits the requirements quite 
well. Each of the subjects was individually 
fitted! with a contact lens for the right eye. A 
hole approximately five mm. in diameter was 
drilled through each contact lens just slightly on 
the temporal side of the corneal bulge. A 
good quality first-surface mirror was then fitted 
tightly into the hole in the lens, and cemented in 
place by means of airplane glue. Great care was 
taken to insure that the inner part of the lens 
which came in contact with the eye was perfectly 
smooth. Soft wax was placed around the outer 


1 We are indebted to Dr. E. V. Troendle for 
his skill in fitting these lenses. 


edge of the mirror to prevent irritation to the 
lids and possible leakage of the contact lens 
solution. 


Apparatus for photographic recording 

The basic elements of the apparatus as shown 
in Fig. 1 required some modification in order to 
permit the simultancous recording of horizontal 
and vertical components. A diagram of the 
completed apparatus is shown in Fig. 2. All of 
the parts of the optical system, except those in- 
cluded in the oscillograph, were fastened securely 
to a very heavy steel ‘l’-beam. A biting board 
for the subject was also attached to this beam. 
A straight wire filament lamp in a horizontal 
position was used as a source of light. Between 
this lamp and the main lens of the apparatus was 
placed a dove prism rotated 45° from its ‘normal’ 
position. This prism was placed slightly to one 
side of the line from the light source to the center 
of the main lens. The effect of the prism was to 
rotate part of the light from the filament through 
an angle of 90° so that there were, in effect, two 
apparent sources of light, a horizontal filament 
and a vertical filament. The focal length of the 
lens was 1000 mm. Since the source of light was 
in the focal plane of the lens, the rays from any 
point at the source were rendered parallel by the 
lens. The parallel rays struck the mirror in the 
contact lens being worn by the subject and were 
reflected back through the main lens. The rays 
from the apparent vertical filament provided by 
the rotated dove prism, after being reflected back 
through the main lens were brought to a focus on 
a vertically moving strip of film by means of a 
cylindrical lens. The rays from the horizontal 
filament, after being reflected back through the 
main lens, passed through a dove prism rotated 
45° so that the image of the filament would be 
vertical when it reached the cylindrical lens. 
Each bundle of rays was then brought to a point 
focus on the moving film by means of the cylin- 
drical lens. 

The above arrangement ws such that any 
vertical movement of the eye would not alter the 
position of the image of the vertical filament on 
the film, but would cause the image of the hori- 
zontal filament to be displaced on the moving 
film. Conversely, any horizontal movement of 
the eye would not alter the position of the image 
of the horizontal filament on the film, but would 
cause the image of the vertical filament to be dis- 
placed on the film. Any oblique movement of 
the eye would cause both images of the filament 
to be displaced on the film, each by an amount 
proportional to the amount of the respective 
horizontal and vertical components of the eye 
movement. 

A Hathaway oscillograph with the plate re- 
moved from the galvanometer end of the case 
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provided the necessary cylindrical lens and 
camera. During most of the experiment 35 mm. 
or 60 mm. Kodak Cardiographic Paper No. 1115 
was used in the oscillograph camera. For some 
of the control records 35 mm. Ansco Ultra Speed 
film and Kodak Micro-File film were used. A 
synchronous motor, with a device to close a cir- 
cuit every 0.1 sec. and defiect a galvanometer in 
the oscillograph, was used as a time marker. 


Fixation test objects 


The subject’s task was to fixate steadily on a 
test object appearing at the center of a white 
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Head movements 


Records of head movements were obtained by 
means of a mirror attached to the head. A pair 
of goggles with the glass removed provided a 
support for this mirror. The head mirror was 
adjusted to a position quite near the eye mirror. 
With this arrangement the recording apparatus 
described above was capable of utilizing both 
mirrors to make a simultaneous record of hori- 
zontal and vertical components of both head and 
eye movements. 

Originally it was planned to use the simultane- 
ous records of head and eye movements to deter- 























Fic. 2. 
point. 


Diagram of the recording apparatus. 
G: Galvanometer. 


of light for the recording system 
lens of recording system. 
covering left eye. OSC: Oscillograph. 


tion. P-2 and P-4: Dove prisms in ‘normal’ position. 
device. 
paper disc. A special microscope lamp was used 


to illuminate this test object. A movable car- 
rier for the fixation point was provided by a 
vertical rack and pinion, the base of which was 
fastened to the steel beam, and a horizontal bar 
along which a plate bearing the test object could 
be moved. ‘This two-dimensional manipulation 


of the fixation point made it possible to bring the 
eye into position in such a way that the mirror 
in the contact lens reflected the images of the 
filament to the proper positions on the photo- 
graphic film. 


B: Biting board. 
h and v: h indicates that image of the filament would be horizontal if the 
rays were brought to a focus at this point, v indicates that the image would be vertical. 
La-2: Oscillograph lamp. 
L-2: Cylindrical camera lens. 


F: Moving film. FP: Fixation 
La-1: Source 
L-1: Main 
Ma: Mask 


La-3: Microscope lamp. 
M: Mirror in contact lens. 


P-1 and P-3: Dove prisms rotated 45° from ‘normal’ posi- 


S: Subject. ST: Steel ‘Il’ beam. T: Timing 


mine the exact motions of the retinal image, be- 
cause in this experimental situation both the 
head and eye movements must be known to 
determine the motions of the image on the retina. 
However, it became apparent during the experi- 
ment that the center of rotation of the head is 
not even approximately a fixed point. At times 
this center of rotation may be at the point of con- 
tact of the upper teeth with the biting board. 
At other times it may be at the point of articula- 
tion of the vertebral column with the cranium. 
Since the center of rotation of the head cannot 
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Fic. 3. The effect of displacement of the 
mirror while it remains in a given plane, or in a 
plane parallel to a given plane. P-1: Original 
position of the mirror. P-2: Mirror in a plane 
parallel to the plane of the original position. 
P-3: Mirror in the same plane as the original 
position of the mirror. 


be determined with accuracy, the angular move- 
ments which are recorded are of little use in 
determining the linear extent of the movement 
of the eye due to head movements. Because of 
this objection a better method of determining the 
movements of the retinal image was needed. 
The apparatus described above required only a 
slight modification to overcome the problems 
introduced by head movements. 


It may be shown (sce Fig. 3) that any hori- 
zontal or vertical displacements of the mirror in 
the recording apparatus will not alter the posi- 
tion of the image of the light source on the record- 
ing film so long as the mirror remains in the same 


plane. It may also be shown that any displace- 
ment of the mirror away from or towards the 
main lens of the apparatus will not alter the posi- 
tion of the image on the film so long as the mirror 
remains in a plane parallel to the plane of its origi- 
nal position. Thus, any combination of the 
movements described above will not change the 
position of the image of the light source on the 
film so long as the mirror remains in 4 given plane 
or in a plane parallel to the given plane. In this 
experimental situation the mirror on the contact 
lens will remain in a given plane, or in a plane 
parallel to the given plane, if the subject maintains 
perfect fixation on a stationary object at an infinite 
distance. Under these conditions any move- 
ments which are recorded will, therefore, repre- 
sent deviations from perfect fixation. That is, 
head and eye movements are not recorded unless 
they cause deviations from perfect fixation. 
With such an arrangement motions of the retinal 
image may be computed without the necessity 
of separate determinations of effects of head and 
eye movements. The only modification of the 
apparatus necessary to provide the above condi- 
tions was to provide a fixation point at an in- 
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finite distance. It was not practicable to set 
up and manipulate a fixation point at a distance 
from the eye which was great enough to be con- 
sidered infinite. Hence it was necessary to pro- 
vide a fixation point which was optically at an 
infinite distance. This was accomplished by 
placing a collimator between the subject’s eye 
and the fixation point. With this arrangement 
all light rays from any point being fixated were 
parallel when they reached the subject’s eye, just 
as they would be if the object being fixated were 
at an infinite distance. 


Procedure 


Records were first obtained during fixation of 
a stationary black point on a white background 
having a brightness of approximately 60 foot- 
lamberts. The fixation point was approximately 
500 mm. from the subject’s eye and subtended a 
visual angle of about 3.45 min. The white back- 
ground subtended a visual angle of about 10 de- 
grees. The subject fixated the dot with his right 
eye while the experimenter manipulated its posi- 
tion to bring the reflected images into the proper 
position in the recording apparatus. The left 
eye was covered by a paper mask. The subject 
was then instructed to maintain stcady fixation, 
and a record about two to four seconds long was 
made of the eye movements. The subject was 
given short rests between the fixation periods, 
and the experiment was discontinued whenever 
the subject showed signs of fatigue. Eye move- 
ment records were obtained from five male sub- 
jects ranging in age from 20 to 36 years. All 
had ‘normal’ (20/20 or better) Snellen Chart 
acuity. Simultaneous head and eye movement 
records were obtained from two of the subjects 
by means of the head mirror described above. 
The collimator to provide a fixation point at an 
optically infinite distance was not used in this 
part of the procedure. 

Records were next obtained from three of the 
subjects during the fixation of a stationary cross. 
Then records were obtained from the same three 
subjects during the fixation of a stationary point. 
In these two cases the collimator described above 
was placed between the subject’s eye and the 
test object. Hence, the fixation point was op- 
tically at an infinite distance from the subject's 
eye. The procedure was essentially the same as 
described above, except for the test objects. 
Here the test objects were a dot, whose diameter 
subtended a visual angle of 2.6 min., and a cross 
made of lines having a width subtending 1.2 
min. of visual angle. The apparent brightness 
was reduced by the collimator to a value of about 
45 footlamberts. The extents from peak to 
trough of the wave-like records were measured by 
means of a microscope and a slide graduated in 
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tenths of amm. From these measurements the 
angle of rotation of the eye could be computed to 
an accuracy of about 10 sec. of arc. 

In the case of the recording apparatus used in 
this experiment it can be shown that the eye 
may be considered as rotating about a point at 
the optical center of the main lens. Since the 
mirror is parallel to a vertical axis through List- 
ing’s plane, the tangent of the angle of rotation 
of the eye in the horizontal plane may be com- 
puted by dividing one-half the amount of dis- 
placement of the corresponding trace by the 
distance from the main lens to the film. (It is 
necessary to use one-half the displacement be- 
cause the light beam reflected by the mirror 
turns through twice the angle of rotation of the 
mirror.) For the vertical component a slight 
error is introduced by the fact that the surface 
of the mirror is not parallel to the horizontal 
axis through Listing’s plane. This has the effect 
that only about 85 percent of the vertical com- 
ponent (motion about a horizontal axis through 
Listing’s plane) is shown by the corresponding 
trace on our records. 


Results 


Samples of records from one of the 
subjects are shown in Fig. 4. The re- 
cords are to be read from left to right. 
The time line on the base of each re- 
cord is displaced every tenth of a 
sec., with a fairly long displacement 
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of the time line each full sec. The 
vertical line at the left of the record 
represents approximately 20 min. an- 
gle of rotation of the eye. Horizontal 
and vertical components of the eye 
movements are indicated by the let- 
ters E, and E,, respectively. Horizon- 
tal and vertical movements of the 
head are indicated by the letters H, 
and H,, respectively. Displacement 
of the vertical component towards the 
time line results from an upward 
movement of the eye. Displacement 
of the horizontal component towards 
the time line results from a movement 
of the eye towards the subject’s right. 

Two outstanding features of these 
records of eye movements are (1) the 
sudden jerks, and (2) the small rapid 
motions. Two,other ‘types’ of mo- 
tion can be seen also; relatively slow 
motions of irregular frequency and ex- 
tent, and drifts in one direction or an- 
other. At times the drifts appear to 
be compensated for by the rapid jerks. 
A general description of the eye move- 
ments during fixation, based on all of 
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Fic. 4. 


Samples of head and eye movement records. 


(See text.) 
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the records obtained from all five sub- 
jects, is given below.” 


The small rapid motions 


These motions had frequencies of 
from 30 to 70 cycles per sec. Ina few 
cases the frequencies were slightly 
greater than 70 cycles per sec., but for 
the most part they fell within the 
range indicated. The frequencies are 
not constant over long periods of time, 
but may vary considerably from one 
section of a record to another. The 
median extent of these motions (peak 
to trough) in both components for the 
five subjects was 17.5 sec.ofarc. The 
total extents of the motions ranged 
from those which were just percepti- 
ble to those of almost two min. of arc. 
However, rapid motions with total 
excursions greater than one min. of arc 
were quite rate. 


The relatively slow motions 


Relatively large slow motions oc- 
curred which had no characteristic fre- 
quency or extent. These motions are 
somewhat different from one subject 
to the next, and there is considerable 
variation within the records of indi- 
vidual subjects. The motions are 
complex and defy simple description. 
However, they may be roughly de- 
scribed as having total extents (peak 
to trough) ranging from one to five 
min. of arc, and frequencies of from 
two to five cycles per sec. 


Slow drifts 


These slow drifts, upon which the 
motions mentioned above are super- 
imposed, may be described as a grad- 
ual shifting of the wave form in one 


? The possibility of subjecting these records to 
a frequency analysis has been considered. It is 
believed, however, that this procedure would be 
less closely related to the visual acuity problem 
than the estimates in the discussion below con- 
cerning the visual receptor elements. 


direction or the other. The extent of 
these drifts usually did not exceed five 
min. of arc. The drifts were found in 
records obtained from all five of the 
subjects. 


Rapid jerks 


These motions occurred at irregular 
intervals. Occasionally they were not 
more than 0.2 sec. apart, while in some 
cases no jerks occurred for a period of 
three or four sec. The average extent 
of these motions, based on the records 
obtained from all five subjects, was 
5.6 min. of arc. The range of the ex- 
tent of the motions was from 2.2 to 
25.8 minutes of arc. However, jerky 
motions with extents greater than 10 
min. of arc were not common. At 
times these jerks seemed to compen- 
sate for the drifts, but they often oc- 
curred when no drifting had taken 
place. 


Total movement 


The total movement during a period 
of three or four sec., due to the com- 
bined effects of the motions described 
above, was usually less than 10 min. 
angle of rotation during the steadiest 
fixations. However, in some cases the 
total movement was as great as 20 or 
30 min. angle of rotation. 


The head movements 


In some cases the head and eye 
movements are related, but only as 
far as the slower motions and the gen- 
eral shape of the wave form are con- 
cerned. However, the records of the 
head movements show no evidence of 
the small rapid motions or of the rapid 
jerks which are the outstanding fea- 
tures of the eye movement records. 
The head movements were somewhat 
variable from one subject to the next 
and may account for some of the dif- 
ferences noted in the slower compo- 
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Fic. 5. Control record obtained with con- 
tact lens and mirror firmly attached to the biting 
board 


nents of the eye movements of the 
various subjects. 


The effect of different fixation objects 


Records of eye movements obtained 
during fixation of a cross do not ap- 
pear to differ from those obtained dur- 
ing the fixation of a point. Careful 
measurements of these records indi- 
cate that, within the limits of this ex- 
periment, the shape of the fixation ob- 
ject does not have any effect on the 
nature of the physiological nystagmus. 


Control records 


Two types of control record were 
needed: .(1) records to insure that none 
of the movements recorded were artifacts 
of the recording system, and (2) records 
to determine whether or not the contact 
lens was following the movements of the 
eye during fixation. Control records to 
detect possible mechanical artifacts in 
the recording system were obtained as 
follows. A contact lens with mirror was 
firmly attached to a mount on the sub- 
ject’s biting board. The position of the 
lens was adjusted so that the images of 
the light source fell on the film. The 
recording apparatus was then operated 
in the usual way. A sample of the re- 
cords obtained by this procedure may be 
seen in Fig. 5. No deviations can be 
seen in the traces which resemble the 
deviations in the records of the head and 
eye movements. Evidence that the 


small rapid motions and jerks are not 
artifacts of the recording apparatus is 
also to be found in the simultaneous re- 
cords of head and eye movements (Fig. 
4). In these records the traces of the 
head movements show no signs of the 
small rapid motions or jerks which are 
characteristic of the eye movements. If 
these irregularities in the traces were 
artifacts of the recording system, they 
would be expected to appear in traces 
from the head as well as those from the 
eye. 

Control records to determine whether 
or not the contact lens follows the eye 
movements were obtained as follows. A 
small disc about six mm. in diameter was 
cut from a piece of absorbent tissue 
paper. A small amount of wax was 
melted and dropped on the center of the 
disc, permeating the central part of the 
paper. A thin first surface plane mirror 
about two mm. in diameter was imbedded 
inthe wax. When the wax had hardened 
the paper disc was moistened slightly and 
placed directly on the eye of the subject, 
just at the temporal side of the cornea. 
The absorbent tissue adhered to the eye 
perfectly. It was necessary to tape the 
lids apart to prevent involuntary lid clo- 
sures. No drugs were required, since 
there was but little discomfort as long as 
the cornea was not touched. There was 
considerable flowing of tears, however, 
after the lids had ben taped apart for a 
few minutes. Presumably this was due 
to the drying of the cornea and sclera 
because they were no longer in contact 
with the moist lids. With the above 
modification of the apparatus short series 
of records could be obtained in the usual 
manner. 

Samples of records obtained by use of 
the usual contact lens and mirror and by 
means of a mirror placed directly on the 
eye are shown in Fig. 6. These records 
are quite similar. Slow waves, small 
rapid waves, and a jerky motion may be 
seen in both records. On the basis of 
the similarity of these two sets of records 
it seems reasonable to assume that the 
contact lens follows the eye movements 
with a fair degree of accuracy. 
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width of two or three receptors. In 
fact, the median value of these mo- 
tions is even less than the width of a 
single receptor in this area, except for 
the very smallest cones, of which there 
are said to be only one or two dozen. 
However, because of the other motions 
which are occurring, it appears un- 
likely that any point of an image can 
remain on a single receptor for more 
than a few hundredths of a sec. 


A Comparison with Previous 
Experiments 


The results obtained by Marx and 
Trendelenburg, Adler and Fliegelman, 
and Lord and Wright all support the 
general conclusion of this experiment that 
the eye is never motionless, even during 
the ‘best’ fixations. On the other hand, 
Hartridge and Thomson have obtained 
results which indicate that the eye is es- 
sentially motionless during fixation. 

There is little agreement among the 
experimenters who report eye move- 
ments during fixation regarding the na- 
ture, or even the existence, of the small 
rapid motions. Records obtained by 
Marx and Trendelenburg do not show 
any evidence of these small motions. 
However, the speed at which their re- 
cording paper moved was so slow that 
even if such movements occurred it is 
unlikely that they could be detected in 
their records. 

The records obtained by Adler and 
Fliegelman indicate that small motions 
of high frequency do exist. However, 
the extents of the motions which they 
recorded (mean values of 2 min. 14 sec.) 
are much greater than the extents of the 
small rapid motions recorded in this ex- 
periment (median value of 17.5 sec.). 
Since they apparently used only one sub- 
ject it is quite possible that individual 
differences may account for some of the 
discrepancy, but the individual differ- 
ences noted in this experiment do not 
seem great enough to account for such a 
large difference. The method of com- 
putation used by Adler and Fliegelman is 
not made clear in their article. Using 
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our methods of computation on their 
data (0.9 mm. displacement of the trace 
at a distance of 1500 mm.) one obtains 
a value approximately half as large as 
that which they have computed from the 
same data (1.034 min. instead of 2 min. 
14 sec.). This value of 1.034 min. falls 
within the range of the extents of the 
small rapid motions recorded in the pres- 
ent experiment. In general, there ap- 
pears to be good qualitative agreement 
between Adler and Fliegelman’s results 
and those obtained in this experiment. 
Quantitatively, except with respect to 
frequency, there is rather poor agreement 
—especially in the case of the small rapid 
motions. 

Lord and Wright state that in their re- 
cords there is little evidence of motions 
having frequencies of the order of 50 
cycles per sec. However, if the extents 
of these motions are generally less than 
one min. of arc, as the present experi- 
ment indicates, such motions should not 
be discernible in their records, because 
they state that their recording apparatus 
was not sensitive to movements smaller 
than one min. of arc. Their negative 
results concerning these small movements 
indicate that if they do exist they must 
be smaller than one min. of arc—a con- 
clusion which agrees with the results of 
the present experiment. 

The method used in this experiment 
provides a more efficient optical arrange- 
ment than some of the methods used by 
other investigators. The major criticism 
of this method is that the recording ap- 
paratus requires the use of an attachment 
to the eye. As Hartridge and Thomson 
have pointed out (5) there is a possibility 
that such an attachment will not follow 
the motions of the eye accurately. 

There appears to be no simple method 
of checking directly on this problem of 
lens slippage. However, there is con- 
siderable indirect evidence to support the 
assumption that the lens follows the 
small movements accurately. First, a 
contact lens which is well fitted to the 
eye adheres with great force because of 
surface tension. Removing the lens is 
not easy until this tension is broken. 
(One subject, LR, was fitted with a very 
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tightly adhering contact lens which was 
extremely difficult to remove. The re- 
cords obtained by means of this lens are 
essentially the same as those obtained 
from the same subject while wearing a 
relatively loose-fitting lens.) 

Second, one might expect the contact 
lens to vibrate with a frequency corre- 
sponding to its natural period if it does 
not follow the actual movements of the 
eye. However, the records obtained 
with the very small mirror placed directly 
on the eye are quite similar to those ob- 
tained by means of the contact lens. 
Certainly the natural periods of these 
two very different attachments to the 
eye are not the same. The mass of the 
small mirror placed directly on the eye 
was only a very small fraction of the 
mass of the contact lens and mirror. In 
the case of the contact lens one might ex- 
pect the friction of the lids to offer some 
slight resistance to the movement of the 
lens, yet the records obtained by means 
of the small mirror which did not touch 
the lids indicate that this was not an 
important factor. It seems very un- 
likely that these two very different at- 
tachments to the eye would yield such 
similar results unless each were following 
the movements of the eye with a fair 
degree of accuracy. 


SUMMARY 


1. The purpose of this experiment 
was to measure rapid involuntary 
movements of the eye (physiological 
nystagmus) during steady monocular 
fixation of a stationary object. 

2. A photographic method of re- 


cording was used. An optical lever 
was provided by the use of a mirror 
mounted in a contact lens worn by the 
subject. Any movement of the eye 
of the subject resulted in a propor- 
tional displacement of the image of a 
light source on moving recording pa- 
per. Prisms properly placed in the 
optical system made possible the si- 
multaneous recording of vertical and 
horizontal components of the motions 
of the eye and of the head. A fixation 
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point at an optically infinite distance 
eliminated many problems associated 
with involuntary head movements. 
Records were obtained from five sub- 
jects. 

3. Four main ‘types’ of movement 
are to be seen in the records. (a) 
Small rapid motions with a median ex- 
tent (peak to trough) of about 17.5 
sec. angle of rotation, and frequencies 
ranging from 30 to 70 cycles per sec. 
(b) Slow motions of irregular fre- 
quency and extent. (c) Slow drifts 
in one direction or another upon which 
the motions mentioned above are 
superimposed. (d) Rapid jerks with 
an average extent of about 5.6 min. of 
arc occurring at irregular intervals, at 
times apparently compensating for the 
drifts. Total movement due to the 
combined effects of these motions over 
a period of three or four sec. was usu- 
ally less than 10 min. of arc during the 
steadiest fixations. 

4. On the basis of the above results 
conclusions were drawn regarding the 
motions of the retinal image of the ob- 
ject being fixated. (a) During a fix- 
ation period of three to four sec. the 
image of the object being fixated may 
move across a total of 25 to $0 recep- 
tors. (b) The slower motions, drifts, 
and jerks may carry the retinal image 
across about a dozen receptors. (c) 
The small rapid motions move the ret- 
inal image across two or three recep- 
tors at most. However, the median 
extent of these motions is so small that 
the movement of the retinal image 
under optimal conditions of fixation 
is not likely to exceed the width of 
one receptor. 

5. The results of this experiment 
indicate that small rapid motions of 
the eye do occur during ‘steady’ fixa- 
tion, but that the magnitudes of these 
motions are extremely small. 


(Manuscript received 
November 14, 1949) 








MOTIONS OF EYE DURING FIXATION 


REFERENCES 


. Aprer, F. H., & Furecetman, F. Infiu- 


ence of fixation on the visual acuity. 
Arch. Ophthal., 1934, 12, 475-483. 

. Derasarre, E. B. A method of recording 
Amer. J. Psychol, 


eye-movements. 
1898, 9, 572. 

. Dovce, R., & Cuine, T. S. The angle 
velocity of eye movements. P-rychol. 
Rev., 1901, 8, 145. 

. Dovce,R. An experimental study of visual 
fixation. Psychol. Ree. Monogr. Suppl., 
1907, 8, No. 4, 1-95. 

. Harrrinvce, H., & Tuomson, L. C. Meth- 
ods of investigating cye movements. 
Brit. J. Ophthal., 1948, 32, 581-591. 

. Hermunourrz, H. Physiological optics. 
Trans. from Third German Edition., 
J. P. C. Southall (Ed.). Menasha, Wis- 
consin: G. Banta Co., 1924-25. Vol. II, 
p. 266. 

. Huey, E. B. On the psychology and physi- 
ology of reading. Amer. J. Psychol, 
1899, 11, 283-302. 

. Junin. Essay on distinct and indistinct 


701 


vision, Optics, 1738. (Not seen. Dis- 
cussed in reference No. 6, Vol. II., p. 44.) 

9. Lorn, M. P., a Wricut, W.D. Eye move- 
ments during monocular fixation. 
Nature, Lond., 1948, 16a, 25-26. 

10. McAuuster, C. N. The fixation of points 
in the visual field. Psychol. Ree. Monogr. 
Suppl., 1905, 7, No. 1, 17. 

11. Marx, E., & Trenpecensurc, W. Uber 
die Genauigkeit der Einstellung des Auges 
beim Fixieren. Z. Sinnesphysiol., 1911, 
45, 87-102. 

12. O’Brien, B., & O’Brien, E. D. A test of 
ocular tremor and the scanning theory 
of visual acuity. J. opt. Soc. Amer., 
1948, 38, 1096. (Abstract) 

13. Orscuansxy, J. Eine Methode die Augen- 
bewegungen direkt zu  untersuchen. 
(Ophthalmographie). Zbl. Physiol., 1898, 
12, 785. 

14. Poryax,S.L. The retina. 
of Chicago Press, 1941. 

15. Sunpserc, C.G. Uber die Blickbewegung 
und die Bedeutung des indirekten Sehens 
fiir das Blicken. Skand. Arch. Physiol., 
1917, 35, 1. 


Chicago: Univ. 





THE GENERALIZATION OF AN INSTRUMENTAL 
RESPONSE TO STIMULI VARYING IN 
THE SIZE DIMENSION 
BY G. ROBERT GRICE AND ELI SALTZ 


University of Illinois 


One of the most important concepts in 
modern learning theory is that of stimu- 
lus generalization. Hull has made ex- 
tensive use of the concept in his behavior 
theory (9, 10), and it is the concept by 
means of which Spence (19, 20, 21) was 
able to predict several of the transposi- 
tion phenomena in visual discrimination 
learning. The importance of generaliza- 
tion is widely accepted. Yet in spite of 
the theoretical significance of the prob- 
lem, relatively few experimental studies 
have been directly concerned with it. 
While the existence of generalization 
gradients has been adequately demon- 
strated (1, 2, 3, 4, 7, 8, 11, 13, 16, 17, 18), 
there is relatively little evidence concern- 
ing the precise nature of the functional 
relationships between the amount of gen- 
eralization and various stimulus dimen- 
sions. 

The most frequently cited studies are 
those of Hovland (7, 8), employing audi- 
tory stimuli and the conditioned galvanic 
skin response. Hovland found general- 
ized response strength to be a negatively 
accelerated decreasing function of the 
number of j.n.d.’s difference in pitch or 
loudness between the test stimulus and 
the training stimulus. The gradient for 


intensity was much flatter than the pitch, 


gradient. Humphreys (13), using the 
same response, and frequency of tones 
as the stimulus dimension, also found 
the negatively accelerated gradient, but 
found a very flat or possibly a positively 
accelerated gradient if conditioning oc- 
curred under conditions of partial rein- 
forcement. Until recently, there was 
very little data involving the generaliza- 
tion of instrumental responses. Brown 
(3) demonstrated generalization of a run- 
ning response in the rat to three degrees 
of brightness. Schlosberg and Solomon 
(18), studying latency in a jumping 
stand choice situation, report data from 


four rats in which log latency was a linear 
function of difference in brightness from 
the initial positive stimulus. Their 
brightness scale was an equal appearing 
intervals scale based on human judg- 
ments. Recently, studies by Frick (4) 
and Raben (17) have demonstrated gen- 
eralization of instrumental responses to 
different levels of illumination, but yield 
no evidence as to the form of the primary 
gradient, since both studies involve dis- 
crimination training from the beginning 
of practice. Differential reinforcement, 
i.¢., reinforcement of the positive stimu- 
lus and non-reinforcement of the nega- 
tive, results in the narrowing of the range 
of empirical generalization gradients. 
Thus the form of such response gradients 
becomes a function of the number of 
non-reinforced trials to the generalized 
stimuli. This was especially well dem- 
onstrated by Raben. However, gradi- 
ents obtained in this way do not reflect 
the primary generalization of habit 
strength in any simple way, but may best 
be interpreted as a joint function of gen- 
eralized habit strength and inhibitory 
factors. In order to obtain a function 
which may be regarded as indicating the 
nature of primary stimulus generaliza- 
tion, it is necessary to build up habit 
strength to one stimulus and then to test 
for generalization to other stimuli on the 
dimension. For this purpose, no extinc- 
tion of responses to the test stimuli should 
be introduced prior to the generalization 
test. : 

On the theoretical level, Hull (10) has 
assumed, on the basis of Hovland’s data, 
that the generalization gradient of habit 
strength is symmetrical and negatively ac- 
celerated when plotted on a j.n.d. scale. 
With respect to intensity dimensions, he 
has recently predicted (12) that response 
gradients to stimuli of higher intensity 
will be convex, while those to stimuli of 
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less intensity will be concave. (This is 
predicted because response strength is a 
function not only of habit strength, but 
of stimulus intensity per se.) Spence 
(21), in his transposition theory, has as- 
sumed that the generalization gradients 
for the visual size dimension are convex 
when plotted on a logarithmic scale of 
area. The only evidence to support this 
assumption is the success of the theory 
in predicting transposition phenomena. 
No studies directly concerned with the 
generalization of instrumental responses 
to stimuli varying in the size dimension 
have been performed. The obtaining of 
such data seems desirable, both in rela- 
tion to the problem of generalization as a 
whole, and in relation to the more specific 
discrimination learning theory. If em- 
pirical functions could be obtained for 
both generalization of habit strength and 
inhibition, rather precise predictions of 
transposition and related phenomena 
should be possible if the general princi- 
ples of the theory are valid. 


The present study is an attempt to 


determine the form of the stimulus 
generalization gradient for the visual 
size dimension in the white rat. Ani- 
mals were trained to make a simple 
instrumental response to white circles 
of a particular size, and then separate 
groups were tested for amount of gen- 
eralization to circles of differing sizes. 


EXPERIMENTAL PROCEDURE 


Subjects.—The subjects were 135 experiment- 
ally naive albino rats from the colony maintained 
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by the Department of Psychology at the Lai- 
versity of Illinois. ‘There were 70 males and 65 
females, the sexes being approximately evenly 
distributed among the experimental groups. 
The ages of the subjects ranged from 70 to 110 
days at the beginning of the experiment. The 
animals’ diet during the experiment consisted of 
seven grams of Purina Laboratory Chow ad- 
ministered in individual feeding cages after each 
daily experimental session. They were adapted 
to this schedule for a period of one week prior 
to the beginning of the experiment. 

Apparatus.—The size stimuli employed in 
this experiment were white circles which have 
been previously described (§). Briefly, they 
were white disks cut from sheet metal, with a 
small square door in the center. The door, 
which was flush with the surface of the disk, 
could be pushed open by the rat’s nose. At- 
tached to the back of the disk, just below the 
door, was the food dish, and the rat could easily 
obtain the food by pushing its nose through the 
door. The incentive used was pellets made of a 
mixture of Purina Chow and flour, which aver- 
aged 0.15 gm. in weight. ‘The circles used in the 
experiment were 79, 63, 50, 32, and 20 sq. cm. in 
area. These represent equa! logarithmic steps 
in area with the excer* on of 63, which 1s a half 
step between 79 and ¢ 

The apparatus in wh:ch the stimuli were pre- 
sented has also been previousiy described (6). 
In brief, they were presented at the end of a 
24-in. runway. The runway contained verti- 
cally sliding doors at each end and in the middle. 
It was mounted on a pivot at the center so that 
each half could become in turn the starting end 
and the reactionend. By rotating the alley after 
each trial, it was unnecessary to handle the ani- 
mal except at the beginning and end of the ex- 
perimental session. Fig. 1 is a schematic floor 
plan of the apparatus. The circle was housed at 
the front of a two-inch continuation of the alley 
which could be slid back to permit rotation of 


PIVOT 
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Fic. 1. Floor plan of the apparatus. Heavy dotted lines indicate vertical sliding doors. The 
dotted circle indicates the point at which the 24-in. alley was pivoted. S indicates the stimulus circle, 
and F the food dish. The two-in. section of alley containing the circle could be moved back on the 
slide block to permit turning the long alley. 
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the alley. All of the circles were mounted with 
their centers equally distant from the floor. 
Thus, irrespective of the size of the circle, the 
small door was the same distance above the floor 
and the response to be made to each circle was 
the same. 

Preliminary training.—The first step was to 
train the animals to open the small door in the 
circle and obtain food. On the first day the 
animal was placed in the reaction compartment 
with the door in the circle open, and was allowed 
to eat 10 pellets from the food dish. Then the 
alley was rotated and the rat ate 10 more pellets 
with the other end of the alley as the reaction 
compartment. 

On the second day, the rat was placed in the 
starting compartment and was allowed to enter 
the reaction compartment and eat one pellet with 
the stimulus door wide open. Then the alley 
was rotated and the second trial was run with 
the door closed slightly. In all, 10 such trials 
were run with the door being more nearly closed 
on each trial. By the ninth and tenth trials the 
door was completely closed. Five animals 
which did not learn to open the door with this 
training procedure were eliminated. 

The circle used in preliminary training was the 
one to be used in further reinforcement training. 
Animals to be tested for generalization to larger 
stimuli were trained on the 20 sq. cm. circle, and 
those to be tested for generalization to smaller 
stimuli were trained on the 79 8q. cm. circle. 

Reinforcement training.—On each of the next 
three days the rats were given 20 trials of opening 
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the door to obtain food. The alley was rotated 
between trials, and the trials were run in immedi- 
ate succession—allowing only time for the rat to 
eat and for a new pellet to be placed in the food 
dish. Latencies were recorded from the time 
the door from the starting compartment was 
opened until the rat’s nose moved the door in the 
stimulus circle. As soon as the food was ob- 
tained, the vertical sliding door in front of the 
stimulus circle was lowered, and the animal was 
allowed to eat the food before rotating the alley 
for the next trial. 

The experimental work was conducted be- 
tween the hours of one and five in the afternoon. 
Each animal was run at the same time every day. 

Generalization tests.—The tests of generaliza- 
tion consisted of a series of 25 extinction trials 
to the stimulus being tested. Animals being 
tested for generalization to larger stimuli were 
trained on the 20 sq. cm. circle and groups of 15 
subjects cach were then tested on circles of 20, 
42, 50, and 79 sq. cm. Animals being tested for 
generalization to smaller stimuli were trained on 
the 79 sq. cm. circle and groups of 15 were ex- 
tinguished on circles of 79, 63, 50, 32, and 20 8q. 
cm. The 63 sq. cm. circle (one-half of a log step 
between 79 and 50) was added after an inspection 
of preliminary data indicated the desirability of 
further information concerning the function in 
that area. 

On the extinction day, the animals were first 
given five additional reinforced trials to the origi- 
nal stimulus. Then extinction trials to the test 
stimulus were begun without a break and were 


TABLE I 


Number or Responses tn 25 Extinction Triats 
Each value in the body of the table is the result of a single animal 
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Test Stimulus 79 63 50 32 20 20 32 50 79 
15 16 5 9 7 9 22 8 12 

18 8 10 8 7 19 13 11 4 

9 12 10 8 ° 10 17 2 I 

iI S 7 14 8 21 20 3 8 

13 9 17 5 I! 10 8 4 14 

20 10 17 11 7 18 22 6 14 

9 12 11 9 9 11 12 10 5 

13 8 7 16 9 18 8 13 8 

5 i 7 7 2 23 14 15 4 

10 18 6 4 6 10 9 10 fe 

22 | 12 6 9 8 10 8 4 3 

18 x 5 8 3 10 14 10 5 

| 17 |} at 7 8 I 9 13 4 5 

10 10 4 8 ° 10 16 8 4 

12 12 9 10 ° 8 4 I ° 
Mean 13.5 | 10.8 8.5 8.9 5.2 13.1 13.3 7:3 6.5 



































GENERALIZATION IN SIZE DIMENSION 





MEAN NUMBER OF RESPONSES 





4 i 4 4 
20 32 50 63 


AREA OF TEST STIMULUS IN SQ CM 








Fic. 2. Generalization functions showing 
mean number of extinction responses for each 
test group 


run one immediately following. the other. On 
these trials, the door in the circle was locked so 
that it would open only 3 in. and there was no 
food in the food dish. All of the circles were 
identical except for size, and were mounted so 
that their centers were all the same distance from 
the floor. For animals tested on a circle of the 
same size as that during initial training, a new 
circle of the same size was substituted. The cri- 
terion of a response was sufficient contact of the 
animal’s nose with the door in the circle to move 
it. Latencies were recorded, and if the animal 
failed to respond in 60 sec., the trial was scored as 
a failure of response. The measure of generaliza- 
tion employed was the number of responses made 
during the series of 25 extinction trials. 


ReEsuLTs 


The number of responses made by 
each animal during the extinction se- 
ries and the mean for each group are 


given in Table I. The generalization 
functions obtained are presented 
graphically in Fig. 2. Mean num- 
ber of responses during the test series 
is plotted as a function of area of the 
test stimuli in logarithmic units. The 
solid line represents generalization to 
stimuli of larger size and the brok- 
en line represents generalization to 
smaller stimuli. It may be seen that 
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responses were made to all stimuli 
tested. In other words, generaliza- 
tion did occur; it extended in both di- 
rections; and all of the stimuli used 
fell within its range. Both gradients 
show a decreasing amount of general- 
ization as a function of the difference 
in size from the training stimuli. This 
decrease was statistically significant. 
Analyses of variance were applied to 
each gradient to test the hypothesis 
that the means were equal. The 
F-values were 8.61 for generalization 
to larger stimuli and 9.59 for general- 
ization to smaller. stimuli, which, for 
the appropriate degrees of freedom, 
were both significant at the .oor level 
ofconfidence. Thus the null hypothe- 
sis may confidently be rejected in both 
cases. 

With respect to the forms of the 
functions, it is first apparent that the 
two gradients are different. The gra- 
dient for generalization to smaller 
areas is concave or negatively accel- 
erated, while the gradient for general- 
ization to larger stimuli is first convex 
or positively accelerated and then 
becomes negatively accelerated. An 
analysis was performed to test the hy- 
pothesis that the two functions are of 
the same form. For this purpose one 
function was reversed, both being plot- 
ted as functions merely of the number 
of log steps between the training and 
test stimuli. (The 63 sq. cm. point 
was omitted for this purpose since 
there was no corresponding point on 
the other curve.) The test employed 
was Case 9 suggested by Lindquist 
(15). Specifically the hypothesis 
tested was that the means of succes- 
sive differences between the points on 
the two curves was equal to zero. 
The analysis yielded an F of 6.73 which 
was significant at the five percent level 
of confidence, and approached signifi- 
cance at the one percent level. (F = 
6.87 required for significance at the 
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one percent level.) In other words, 
the test indicated the probability that 
the populations from which the two 
curves were drawn do not coincide and 
that the apparent difference in the 
functions is probably genuine. 


Discussion 


Probably the first point which 
should be mentioned in connection 
with the present data is that again the 
existence of generalization gradients 
has been experimentally verified. 
This comes as no great surprise, but is 
of interest in relation to the contention 
of Lashley and Wade (14) that such 
gradients, when obtained, are experi- 
mental artifacts due to training and 
testing under conditions which involve 
poor opportunity for discrimination. 
They argued that when stimuli are 
presented successively, allowing no op- 
portunity for direct comparison, such 
gradients result merely from failure of 
the animal to discriminate. The pres- 
ent experiment was conducted in a 
situation where it has been experi- 
mentally demonstrated that discrim- 
ination learning proceeds equally well 
whether there is opportunity for di- 
rect comparison or not (6). Conse- 
quently, the Lashley and Wade ex- 
planation is invalid for the present ex- 
periment, and cannot legitimately be 
raised as an argument against the the- 
ory which assumes a spread of habit 
strength to other stimuli in the di- 
mension. 

The fact that the two functions ob- 
tained are different in form is contrary 
to the assumptions of Spence (19) and 
Hull (10) who have assumed the func- 
tions to be symmetrical. (It will be 
pointed out later, however, how Hull’s 
assumption does not necessarily lead to 
the prediction of symmetrical response 
gradients for intensity dimensions.) 
The function for generalization to 
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smaller stimuli which is negatively ac- 
celerated is similar to that assumed by 
Hull and found by Hovland for pitch. 
The function for generalization in the 
larger direction, which involves posi- 
tive acceleration and an inflection, 
closely resembles that assumed by 
Spence in his most recent formulation 
(21). In so far as Spence’s theory 
deals with transposition in the larger 
direction, this result may be regarded 
as a tentative verification. At least 
the basic principle of assuming the ex- 
istence of decreasing gradients to ac- 
count for transposition phenomena 
appears to be sound. 

A point of further interest in con- 
nection with the present study is its 
possible relation to Hull’s recent dis- 
cussion (12) of the ‘stimulus intensity 
dynamism.’ In this discussion Hull 


assumes that the primary generaliza- 
tion gradient for reaction potential 
(sER) is of the simple negatively ac- 


celerated type. He further assumes 
that reaction potential is also an in- 
creasing function of stimulus intensity. 
Empirical generalization functions are 
then assumed to be a multiplicative 
function of generalized reaction po- 
tential and the stimulus intensity fac- 
tor. This theorizing leads Hull to 
five predictions regarding the nature 
of generalization functions for intens- 
ity dimensions. A discussion of the 
present experiment in this connection 
would, of course, be contingent on 
the assumption that the visual size di- 
mension may properly be regarded 
as an intensity dimension. Since 
white stimuli were employed, the to- 
tal amount of reflected light would be 
a function of stimulus area. This 
suggests that at least a tentative ex- 
amination of the data with respect to 
Hull’s predictions would be worth- 
while. 

The design employed here is the 
type of design to which Hull’s predic- 
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tions apply. A particular part of the 
dimension was selected, and general- 
ization to larger sizes was studied from 
the lower extreme, and generalization 
to smaller sizes was studied from the 
upper extreme. Thus, both gradients 
fall within the same range of stimulus 
values. Hull’s predictions together 
with the present findings concerning 
them are as follows: 


1. The effective gradient for gener- 
alization toward more intense stimuli 
will be convex. This prediction is 
partially fulfilled since the obtained 
gradient does show convexity before 
its inflection. The inflection, how- 
ever, was not predicted. 

2. The effective gradient for gener- 
alization toward weaker stimuli will 
be concave. This prediction was ful- 
filled. 

3. “The origin of the gradient origi- 
nating at the stronger stimulus ex- 
treme will have a stronger reaction po- 
tential than that originating at the 
weaker stimulus extreme.” The ob- 
tained means were 13.5 and 13.1 with 
the difference in the direction pre- 
dicted, but the difference is definitely 
insignificant. This prediction cannot 
be regarded as clearly substantiated. 

4. The gradient for generalization 
to weaker stimuli will show a greater 
drop than that for generalization ‘to 
stronger stimuli. The drop between 
the point of origin and the extreme 
test point was slightly greater for the 
generalization to smaller sizes, but an 
analysis of variance revealed that this 
difference was not statistically signifi- 
cant. 

5. “The two gradients intersect at 
their mid-point.” This prediction 
was essentially verified. 


In general, the correspondence be- 
tween the obtained gradients and 
Hull’s predictions is quite striking. 
This is especially true of the predicted 


asymmetry of the two curves, which 
was essentially verified except for the 
inflection in one curve. In this con- 
nection it is perhaps of interest to note 
that the experiment was designed and 
completed prior to the publication of 
Hull’s paper, and that Hull was una- 
ware of the present data when the the- 
ory was formulated. The reasons for 
the failure to verify all of the predic- 
tions is not at once apparent. The 
possibility that the discrepancies may 
be due to sampling error cannot be re- 
jected. There is also the question as 
to whether size may be properly re- 
garded as an intensity dimension. 
And, of course, future data may reveal 
the need for further refinements or 
modifications of the theory. 


SUMMARY 


1. One group of 60 white rats was 
trained to open a door in the center of 
a white circle 20sq.cm.in area. Sub- 
groups of 15 were then tested by means 
of 25 extinction trials on circles of 20, 
32, 50,and79sq.cm. Asecond group 
of 75 rats were trained to respond to 
the 79 sq. cm. circle and sub-groups 
were tested on circles of 79, 63, 50, 
32, and 20 sq. cm. 

2. Functions were obtained showing 
generalization to stimuli both larger 
and smaller than the training stim- 
ulus. Both gradients showed a sig- 
nificant decrease in response strength 
as a function of increasing difference 
in size from the training stimulus. 
Response strength to smaller stimuli 
was a negatively accelerated decreas- 
ing function of log:area. The func- 
tion relating log area and response 
strength to larger stimuli was inflected, 
showing initial positive acceleration. 

3. The results are interpreted as 
supporting the validity of the concept 
of stimulus generalization as employed 
by such theorists as Hull and Spence. 
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They lend further support to the use 
of the concept in the interpretation of 
visual size discrimination learning phe- 
nomena. 

4. The data are further interpreted 
as being in essential but not complete 
agreement with recent predictions 
made by Hull on the basis of a stim- 
ulus intensity factor. 


(Manuscript received 
November 3, 1949) 
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THE EFFECT UPON LEVEL OF CONSUMMATORY 
RESPONSE OF THE ADDITION OF ANXIETY 
TO A MOTIVATIONAL COMPLEX! 


BY ABRAM AMSEL 
Newcomb College, Tulane University 


INTRODUCTION 


Experimental studies (2, 7,8) have 
seemed, thus far, to indicate that the 
addition of emotionally-derived needs to 
previously established and controlled 
motivational complexes may either in- 
crease or decrease the strength of re- 
sponses which have been present in par- 
ticuiar situations. 

If, as Hull (4) postulates, (1) the ad- 
dition of any need state to an exist- 
ing motivational complex increases the 
strength of the total generalized motiva- 
tional condition, and, (2) the strength 
of any ongoing response is directly re- 
lated to the strength of this total drive 
strength, then it follows that the addi- 
tion to a motivational complex of any 
need state must increase the strength of 
responses isolated for observation in a 
controlled situation. This, according to 
the position taken by Amsel and Maltz- 
man (1), will be the case provided the 
additional need state does not carry with 
it a drive stimulus which has become 
connected, in the situation in question, 
to responses which compete with the 
criterion response. Amsel and Maltzman 
designed their experiment as a partial 
test of this position. It can be summar- 
ized as follows: 


Twenty white rats were trained to 
drink for 10 min. each day in individual 
drinking cages of identical design. When 
the Ss, as a group, had reached a rela- 
tively stable limit of drinking in the 
10-min. period, the procedure was modi- 
fied so that each S was given electric 
shock through a grid floor for 20 sec. im- 
mediately before the drinking period. 
The shock was administered in a situ- 
ation different from that in which the Ss 


1 This research was supported by a grant from 
the Tulane University Council on Research. 


had learned to drink. It was assumed 
that at the time of drinking, after shock, 
a state of emotionality existed in the Ss. 
During the shock-before-drinking period, 
the drinking curve showed a significant 
increase over the. previously established 
limit. It was reasoned that the increase 
in drinking occurred because the emo- 
tionality, as an added component to the 
motivational complex, was not condi- 
tioned, in the drinking situation, to re- 
sponses which could compete with the 
drinking behavior. The introduction of 
emotionality was thought of as simply 
raising the general motivational level 
and, hence, as increasing the level of 
drinking behavior. 


The present experiment was de- 
signed as a further test of the position 
stated above. It sets forth conditions 
in which the added emotionally-de- 
rived need provides a drive stimulus 
which is conditioned to responses 
which may compete with the previ- 
ously established drinking pattern. 
Our purpose is to show that a decrease 
in the strength of consummatory re- 
sponse, upon the addition of an emo- 
tionally-derived need state to a previ- 
ously existing motivational complex, 
may be due to the presence of com- 
peting response tendencies conditioned 
to the added drive stimulus. 

The experimental plan is to condi- 
tion the secondary drive of anxiety 
(fear) to stimuli previously connected 
with drinking behavior and, subse- 
quently, to measure the amount of 
drinking in the presence of those stim- 
uli. The arousal of anxiety in the 
drinking situation should not only in- 
crease the total generalized drive 
strength, but should also provide anxi- 
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ety drive stimuli which are condi- 
tioned to anxiety-reducing responses. 
Insofar as these responses are incom- 
patible with the previously established 
drinking behavior, there should result 
a diminution in the strength of the 
drinking response as measured by the 
volume of water intake. 


EXPERIMENTAL MetTHop 


Subjects and Apparatus 


The subjects for this experiment were 25 fe- 
male albino rats from a colony maintained by the 
Department of Physiology of Tulane Univers- 
ity. All of the Ss were of the same strain and 
were between three and four months old at the 
start of the experiment. 

The apparatus employed was a rectangular 
box with a grid floor and glass top, which could 
be divided into two compartments by means of a 
guillotine door which ran the width of the ap- 
paratus. The entire apparatus was 20 in. long, 
nine in. wide, and seven in. high in its inside di- 
mensions. The guillotine door divided it into 
two sections, a smaller one which was 6 X 8 in., 
and a larger one which was 14 X 8 in. Hence- 
forth, the smaller section will be referred to as 
section Y, the larger one as section X. The walls 
of the apparatus were painted white, and white 
paper was kept under the grid floor at all times. 

The grid floor was constructed of brass rod of 
fs in. diameter spaced 4 in. apart. Alternate 
grid bars were wired and connected to the 
terminals of an instrument which produced the 
shock employed, when necessary.* This was a 
constant current D.C. supply, which was preset 
through a calibrating resistance of 300,000 ohms 

the estimated average resistance of the labora- 
tory rat (9)—and which delivered short pulses of 
shock, the duration and rate of which were elec- 
tronically controlled. 

In the wall at one end of the apparatus, in 
section Y, a small opening was made so as to per- 
mit the insertion of the orifice of a graduated 
drinking device. This device allowed the meas- 
urement of water consumption to the nearest yy 
ml. 


Experimental Procedure 


After the Ss had reached a stage of adjustment 
to handling necessary for experimentation, they 
were put on the following drive schedule: 4 p.m. 
—Water removed from cages; 8 a.m.—Each S$ 


* The shocking instrument was designed and 
built by Mr. Richard G. Davis of the Depart- 
ment of Physics, Tulane University. 
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given four gm. dry food in individual cage; 8:30 
a.M.—Water intake measured (or other proce- 
dure introduced); 10 a.m.—Ss replaced in indi- 
vidual cages with water and eight gm. food. 
Hence, the thirst drive in the present experiment 
was defined by 16} hrs. water deprivation and 
the ingestion of four gm. of dry Purina Dog Chow 
immediately before the water intake was meas- 
ured. The drive regimen outlined above was 
maintained throughout the experiment. 

The experimental procedure itself can be di- 
vided into three parts. In their chronological 
order they are: (1) preliminary measurement of 
water intake, (2) introduction of the experi- 
mental variable, and (3) test measurement of 
water intake. Two groups of Ss were differen- 
tiated, to be called Group A (anxiety), and Group 
C (control). They are differentiated according 
to a difference in the second part of the experi- 
mental procedure. 


Preliminary (control) 


measurement of water 
intake 


This part of the procedure was identical for 
Groups A and C. During this period, water 
intake was measured for each S following 164 hrs. 
water deprivation and the ingestion of four gm. of 
dry food. The exact procedure was as follows: 
(1) S placed in section X of apparatus, (2) 10 
sec. allowed to elapse, (3) the guillotine door 
teparating X from section Y was raised and kept 
open while (4) S was permitted to remain in the 
apparatus for five min. with the water bottle 
inserted and water always available, (5) S was 
removed to a small cage and a measurement was 
made of the amount of water consumed. One 
such trial was carried out with each S during 
every day of this period. This procedure was 
continued with both groups until an apparent 
maximum levelling off had been achieved in the 
mean drinking curves. For both groups this 
period was of 24 days duration. 


Introduction of the experimental variable 


This part of the experimental procedure 
covered a period of fourdays. During these four 
days, each S was given one trial per day of 25 
sec. duration. Section Y of the apparatus was 
never employed during this period, and water was 
never available during this time. For the 13 Ss 
of Group A, the following procedure was fol- 
lowed: (1) S was placed in section X of the ap- 


* Although Group C was run primarily as a 
control for certain possible variables in the per- 
formance of Group A, the two groups were not 
run at the same time. Group A was run during 
April and May by Miss Beverly McArthur and 
Group C was run during June and July by Mr. 
Keith Cole. 
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paratus, (2) after five sec. had elapsed a shock 
of intensity 0.1 milliampere was applied through 
the grid floor for five sec., (3) the shock was 
turned off and remained off for five sec., and was 
then reapplied for five sec. more, (4) following 
the last five sec. of shock S$ remained in section X 
for five sec. and was then removed to a small 
cage. This procedure with group A was de- 
signed to condition an anxiety (fear) response to 
the various cues in the apparatus (grid, white 
walls, etc.). 

During this experimental period, the 12 Ss of 
Group C were differentiated from Group A in 
that they were not shocked. They were merely 
placed in section X of the apparatus and allowed 
to remain for 25 sec. following which time they 
were removed to their cages. The purpose of 
this procedure was to control for any effect upon 
group A of the change in procedure itself, regard- 
less of the presence of shock and to insure that 
any effect produced in group A could be attri- 
buted to shock. 


Test measurement of water intake 


This period in the experimental procedure 
followed immediately the four-day experimental 
period and served as a test of the effect upon 
water intake of the experimental manipulation. 
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Each day of the test period was identical with 
those of the preliminary period previously de- 
scribed, ie., water intake was measured in the 
manner indicated. In addition, a count was 
made of the number of animal droppings during 
each day of the test period. Through an un- 
fortunate oversight, this count was not made on 
the first two days of the test period, but started 
on day three. 

During the time Group A was being run, the 
temperature in the room in which the animals 
were housed varied between 74 and 78 degrees. 
The temperature range, during the running of 
Group C, was 80 to 84 degrees. 


Resutts anv Discussion 


Figs. 1 and 2 summarize graphi- 
cally the data; those from the Group 
A condition are shown in Fig. 1, those 
from the Group C condition are shown 
in Fig. 2. Since a definite trend in the 
mean drinking curve developed with 
Group A, 21 trials were run in the test 
series; only five trials of test drinking 
were run with the Group C subjects, 
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since no consistent change in mean 
drinking seemed to be developing. 
The 24 days of preliminary water in- 
take measurement yielded similar pic- 
tures in Groups A and C. In each 
case learning to drink in the controlled 
drinking situation was evidenced by a 
negatively accelerated curve of drink- 
ing from day 1 to day 24. The mean 
increase in water consumption from 
day 1 to day 24 was approximately 
44 gm. in each group: Group A drink- 
ing started at 2 gm. and rose to about 
64, and Group C drinking started at 
about 34 gm. and rose to about 8 gm. 
The differences in the origins and 
limits of the preliminary drinking 
curves were probably due to the dif- 
ference in living-quarter temperature 
during the running of the two groups. 
Since the control group was run only 
as a check on the gross effects produced 
by the introduction of the experimen- 
tal variable, it seemed unnecessary to 
have Groups A and C equated for ab- 
solute amount of water consumption 
during the control drinking period. 
The important feature of the results 
was the effect upon water consump- 


tion of the introduction of anxiety into 
the drinking situation. This effect 
can be appreciated by comparing, in 
Fig. 1, the level of water intake on the 
last days of the control period (before 
the introduction of anxiety) with the 
level of water intake on day 1 of the 
test period (after the introduction of 
anxiety into the drinking situation). 
The mean water consumption on day 
24 of the control period was 6.17 gm., 
that on day 1 of the test period was 
0.31gm. Of the 13 Ss of Group A, 12 
drank zero gm. on the first test day 
after the conditioning of anxiety to the 
drinking situation. ‘The other S de- 
creased its water consumption from 
7.4 to 4.0 gm.‘ This should be com- 
pared with the drinking performance 
of the control group. Of the 12 Ss in 
this group, seven drank less after the 
four-day, no-drinking, period than on 
the last day before it, and five Ss 
drank more after than before. Since 
there seemed to be some reduction in 
the level of the average drinking curve 
of Group C (Fig. 2) following the four- 
day period designated by the vertical 
line after day 24, a t-test of this differ- 
ence was performed. This was done 
by taking, for each S, a ‘before’ and an 
‘after’ drinking score. The ‘before’ 
score was the mean of the last five con- 
trol days (20 to 24) and the ‘after’ 
score was the mean of the five test 
days. The t-value obtained was 1.5. 
This falls short of significance at the 
five percent confidence level. There 
seems, therefore, to be no pronounced 
or significant effect upon drinking of 
the four-day period of no drinking, 
per se. The pronounced decrease in 
drinking shown in Group A may, 


‘It is important to note that the Ss were never 
shocked while drinking or while approaching the 
orifice of the water container. The reduction in 
drinking cannot, therefore, be due to avoidance 
of the drinking locus, as in the case of Masser- 
man’s cats (6). 
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therefore, be attributed to the pres- 
ence, during the no-shock test period, 
of anxiety, built up during the four- 
day experimental period through shock 
and shock reduction. 

Fig. 1 shows, also, a curve of re- 
covery of drinking in Group A, as 
a function of successive test period 
trials. As in the preliminary drink- 
ing period, the water intake increased 
with successive five-min. drinking 
sessions. The curve shows a general 
negative acceleration from day 1 to 
day 21 of the test period. It appears 
to be levelling off at an average water 
consumption of about five gm., some- 
what lower than the limit of mean 
water intake reached during the pre- 
liminary drinking period. 

Corresponding to the curve of re- 
covery of drinking during the test 
trials in Fig. 1, is a curve showing the 
number of fecal droppings from day 3 
up to and including day 21 of the test 
period. Each point on this curve 
represents the total number of drop- 
pings of 13 Ss on the particular test 
trial. A curve fitted to these data 
could be described by a negatively ac- 
celerated decreasing function. This 
curve is, then, approximately the in- 
verse of the water intake curve to 
which it corresponds. 

Since defecation was never observed 
in Group C during the test trials, 
nor in either group during the latter 
preliminary trials, in the drinking sit- 
uation, it may be considered as a 
type of anxiety-motivated response. 
Other studies (3, 5, 10) have also con- 
sidered that excessive defecation is a 
sign of emotional disequilibrium in 
rats.5 It seems reasonable, therefore, 
to consider the inverse relationship of 


* Humphrey and Marcuse (gs) have published 
a plot of number of defecations against 25 suc- 
cessive days of handling of untamed rats which 
is similar to the present curve showing number of 
droppings on successive test trials. 





number of droppings to the ordinal 
number of the test trial following the 
four-day shock period as an indication 
that the rise in the test period drinking 
curve is related to the gradual dimin- 
ution of anxiety in the drinking situ- 
ation. This would imply that the 
tendency to drink had always been 
present during the test trials but that 
immediately after the experimental 
shock period, the anxiety-motivated 
responses had successfully competed 
with the drinking behavior. 

The results of the present experi- 
ment with their interpretation lend 
support to the following set of state- 
ments: (1) When anxiety is condi- 
tioned to a situation which has, in the 
past, given rise to consummatory be- 
havior, the introduction of anxiety 
will reduce the level of such consum- 
matory behavior. (2) The reduction 
in consummatory behavior is due to 
response competition, and not to any 
reduction in the generalized motiva- 
tional state resulting from some inter- 
action of needs. (3) Successive ex- 
posures to the situation which has been 
conditioned to both the consumma- 
tory behavior and to anxiety will, in 
the absence of further reinforcement 
of anxiety through pain reduction, 
bring about a reduction in the strength 
of the anxiety-motivated behavior, 
and, consequently, a recovery of the 
consummatory behavior.® 


* A study by Wedemeyer (11) has shown that 
anxiety-motivated behavior may persist even if 
anxiety is not reinforced by shock and shock- 
reduction, so long as the exposures to the anxi- 
ety-evoking situation are short and well dis- 
tributed. Massing of trials was shown to bring 
about a reduction in strength of the anxiety- 
motivated response. The five-min. exposures of 
the present experiment are probably equivalent 
to daily massed-trial sessions in which, using 
Hull’s terminology (4), work inhibition is built 
up providing the basis for the growth of condi- 
tioned inhibition of the anxiety reaction to the 
drinking-situation stimuli. 
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Siegel and Siegel (10) have con- 
cluded, on the basis of experimental 
evidence, that emotionality induces a 
state of thirst in the rat. They state, 
supported by the writings of Cannon, 
that, “. . . a state of inhibited sali- 
vary flow attends the extreme emo- 
tions of anxiety of fright.” If the 
presence of anxiety, during the test 
trials, did increase the intensity of the 
need for water in the present experi- 
ment, such an effect could not be in- 
ferred from the observed behavior. 
It remains possible, however, that this 
effect was obscured by the presence 
of the competing, anxiety-reducing 
tendencies. In any event, it is ap- 
parent that prediction of the results of 
the present experiment purely on the 
basis of the physiological relationships 
put forth in the Siegel and Siegel study 
would have been in error. 

It seems reasonable, on the basis of 
the present results and those of Amsel 
and Maltzman, to maintain the posi- 
tion that, (1) the addition of any emo- 
tionally-derived need to a motiva- 
tional complex increases the total mo- 
tivational strength of the organism at 
that time; and that (2) observed de- 
creases in behavior strength, upon the 
addition of an emotionally-derived 
need to a motivational complex, are 
due to the introduction, with the new 
need, of a drive stimulus which has 
been connected with responses which 
are incompatible with the criterion 
response. 

The above position would gain 
strength if the following experimen- 
tal result were obtained: that subjects 
trained to respond (e.g., drink) in a 
specific situation show an increase in 
the strength of such response when 
anxious, where the anxiety has been 
aroused immediately before introduc- 
tion to the drinking situation by cues 
other than those associated with the 
drinking behavior. 
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SUMMARY 


The following hypothesis was tested: 
that the addition of anxiety, a second- 
ary emotionally-derived need, to an 
existing motivational complex would 
reduce the strength of a consumma- 
tory (drinking) response. 

The subjects were 25 female albino 
rats. They were trained to drink for 
five min. each day, following a fixed 
deprivation period, in a specific situ- 
ation. When a limit of mean water 
consumption was reached, under such 
conditions, 13 of the Ss (Group A) 
were shocked in the drinking situation 
over a four-day period; the other 12 Ss 
(Group C) were not shocked during 
the four-day interval, but were treated 
like Group A in all other respects. 
Water was never available during the 
four-day experimental period. After 
the experimental interval, both groups 
were tested for water intake, as before, 
with no shock ever present. 

The data indicated that the Group 
A curve of water intake fell to almost 
zero at the beginning of the test pe- 
riod; the Group C curve did not change 
significantly following the no-drinking 
interval. Associated with the de- 
crease in water intake of Group A was 
a marked onset of frequent defecation 
in the drinking situation by these Ss. 
A subsequent rise in the drinking curve 
over a period of 21 days, in Group A, 
was associated with a parallel decrease 
in the number of fecal droppings. 

The results were interpreted as in- 
dicating, or, at least, suggesting that 
the diminution in water intake of 
Group A was due to the presence of 
anxiety-reducing responses in the 
drinking situation, which competed 
with the previously-established con- 
summatory response. 


(Manuscript received 
September 2, 1949) 
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EYELID CONDITIONING AS A FUNCTION OF 
THE INTER-TRIAL INTERVAL 


BY KENNETH W. SPENCE AND EUGENIA B. NORRIS? 
From the Psychological Laboratory, University of lowa 


INTRODUCTION 


The effect of spacing practice trials 
on learning has been found, among 
other things, to be a function of the 
type of problem involved. While in 
most situations learning is speeded up 
when the trials are spaced rather than 
massed, instances have occurred in 
which this variable has had little or 
no influence (6). Moreover, on the 


basis of the type of theory of inhibition 
proposed by Hull (4), it is possible to 
specify learning situations in which 
the massing of trials should speed up 
mastery of the problem. Thus, corol- 
lary iXVI in Hull’s Principles of 


behavior, which is derived from his as- 
sumptions concerning reactive inhibi- 
tion (Jz), states that “the rate of ac- 
quisition of the preference for the 
behavior sequences involving the less 
energy expenditure or work will be 
faster with massed than with distrib- 
uted reinforcements” (4, p. 295). 
Similarly, it may be predicted from 
such a theory as Hull’s that massing 
will speed up the learning or at least 
the first portion of the acquisition pe- 
riod of simple trial and error problems 
in which the correct response is rela- 
tively low in the response hierarchy 
and the initial portion of the learning 
consists to a considerable extent in 
the weakening (or extinguishing) of 
the initially stronger, incorrect re- 
sponses. Support for one of the basic 
assumptions underlying the latter pre- 
diction is to be found in the recent 
evidence showing that massing of 
trials speeds up the extinction of con- 


1 Now at the University of Rochester. 


ditioned responses, both classical and 
instrumental (8, 10). 

The effect of varying the inter-trial 
interval on any learning situation will 
depend, then, upon the responses elic- 
ited in the situation, i.e., whether 
these responses are the correct ones or 
the wrong ones. Increase in the inter- 
trial interval permits whatever re- 
sponses have been occurring more 
time to recover from the decremental 
effects of the work expended in their 
occurrence. If the responses occur- 
ring have been predominantly wrong 
ones that need to be eliminated, spac- 
ing of trials will slow up the learning. 
If the response occurring is the correct 
one, spacing will speed up the acquisi- 
tion, and massing will slow it down. 


Most of the studies of this experimental 
variable have involved relatively complex 
learning situations, such as rote and 
motor learning with human subjects and 
serial mazelearning withanimals. There 
have been no very extensive systematic 
investigations of this variable in either 
simple classical or instrumental condi- 
tioning situations in which the elimina- 
tion of competing responses is at a mini- 
mum. Such studies are sorely needed, 
not only for the reason that they provide 
a more ideal situation in which to test 
such hypotheses as Hull’s but also be- 
cause we need to discover the laws relat- 
ing this variable to acquisition in such 
relatively simple response situations. 

The only investigation that has used 
more than two different inter-trial inter- 
vals is that of Calvin with eyelid condi- 
tioning in human subjects (2). Hull (4) 
reports that Calvin, giving the trials at 
the rate of 3, y and 18 trials per min., 
obtained superior conditioning with the 
three per min. rate than the other two 
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rates which were about equal in effective- 
ness. Humphreys (5) found that an 
inter-trial interval of 60 sec. produced 
significantly better eyelid conditioning 
in humans than one of 30 sec. Finally, 
Reynolds, using intervals of 15 and go 
sec. obtained superior conditioning in 
three of four groups paired for another 
variable (S,-S, interval) with the longer 
inter-trial interval. There is a definite 
suggestion in the Calvin and Reynolds 
studies that the asymptotes of the con- 
ditioning curves, measured in frequency 
of CR’s in blocks of trials, reach different 
levels under the different degrees of 
massing of trials. 

In addition to these studies of this 
variable other investigations have pro- 
vided evidence for the effectiveness of 
spacing the trials in conditioning. Thus, 
Schlosberg (11) reported that 25 trials 
in a half-hour session established superior 
conditioning of the withdrawal response 
to shock in the white rat than 200 trials 
given in the same period. A number of 
studies (3, 7, 12) have also reported a 
decrement in the curve of conditioning 
with long continued reinforcement under 
massed conditions. 


Purpose OF THE EXPERIMENT 


The purpose of the present investi- 
gation was to study the effects of vary- 
ing the inter-trial interval on the rate 
and limit of acquisition of the condi- 
tioned eyelid response in human sub- 
jects using a greater number and longer 
range of intervals than had previously 
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been used. It was originally intended 
to employ six different inter-trial in- 
tervals ranging from six seconds to 
120 seconds but difficulties in the ap- 
paratus required that the study be 
limited to four intervals, 9, 15, 30 and 


go sec. 


EXPERIMENTAL TECHNIQUE 
Apparatus 


The response measured was the change in 
electrical potentials occurring on the movement 
of an eyelid. The electrical potentials were 
picked up by placing two electrodes at the outer 
limit of the right eye—one below the eyebrow 
and one just below the eye itself. A schematic 
diagram of the apparatus is given in Fig. 1. 
The subject was seated in an electrically shielded 
room and the electrical potentials were led suc- 
cessively through a pre-amplifier and amplifier 
to a Grass ink writer (B) and a level selector 
citcuit which activated an electro-magnetic 
marker (C). This marker operated when the 
arnplified current reached a constant predeter- 
mined level, arbitrarily chosen at nine volts. 
Because of the greater reliability of reading, the 
responses reported in the present experiment are 
in terms of the level indicator marker. Com- 
parison of the conditioning scores with those of 
other studies under comparable conditions sug- 
gests that the measure was a relatively insensi- 
tive one. This was partly due, of course, to the 
high value (nine volts) selected for activating the 
level indicator. In effect this selection was com- 
parable to deciding that a movement of the lid 
of, say, five mm. in extent had to occur before a 
response would be counted as occurring rather 
than some smaller value, e.g., two mm. The 
selection and, hence, definition of the response 
measure is, of course, a purely arbitrary matter. 
The only criterion as to the best manner of de- 
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Curves of acquisition of the conditioned eyelid response in terms of the 


percentage of CR’s occurring in successive blocks of 10 trials. 


fining a measure is the pragmatic one of whether 
it leads to laws. 

The time interval between the onset of the CS 
and the UCS was controlled by means of a thy- 
ratron RC timing circuit using voltage regulator 
tubes to determine the exact firing time. The 
onset of the stimuli was recorded on the poly- 
gtaph paper through a third channel by means of 
an electromagnetic marker. 

The amplifying equipment consisted of a 
two-stage push-pull battery operated preampli- 
fier? and a standard Thordarson T 31 W 50-watt 
audio-frequency amplifier. 

The subjects were seated about 75 cm. in 
front of a black wall surface with a six-cm. 
circular milk glass window directly in front of 
then. The room was lighted by a 60-watt over- 
head light. The CS consisted in an increase 
of the brightness of the circular milk glass win- 
dow from a pre-stimulus value of .05 to 4.58 miili- 
lamberts. The UCS was a puff of air, produced 
by the fall of a column of mercury through a 


* Details of the preamplifier are not described 
here but may be obtained by writing to the 
Department of Psychology, State University of 
Iowa. 


distance of 100 mm., delivered to the right cor- 
nea. The interval between the CS and the UCS 
was 600 msec. and a conditioned response was 
defined as one occurring 250 msec. after the CS 
and before the UCS. 


PROCEDURE 


The experiment was so designed that four 
groups of 15 subjects each were run under the 
same conditions, except for different time inter- 
vals, between the successive conditioning trials. 
The intervals employed were on the average 9, 
15, 30, and go sec. Actually they were varied 
randomly from 6-12 sec. for the 9-sec. group, 
10-20 for the 15-sec., 20-40 for the 30-sec. and 
60-120 for the go-sec. group. 

The subjects were volunteers from the Intro- 
ductory Psychology course at the State Univers- 
ity of Iowa. 

One hundred paired presentations of the CS 
and UCS were given in the conditioning period. 
Except for the go-sec. group, the trials were pre- 
sented in one session, varying from 15 min. for 
the 9-sec. group to 50 min. for the 30-sec. group. 
The 90-sec. group was given two 75-min. 
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Fic. 3. Curves showing the relationship be- 
tween amount of conditioning and the inter-trial 
interval. The upper curve shows the percent 
frequency of CR’s for trials 61-100, the lower 
curve the percent frequency for all trials (1-100). 


sessions on two successive days—so trials each 
session. 


Resutts AND Discussion 


Acquisition curves in terms of the 
percentage of conditioned responses 
occurring in successive blocks of 10 
trials are shown in Fig. 2. It will be 
seen that the curves all have pretty 
much the same negatively accelerated 
form and that they tend to have ap- 
proached an asymptote. It will also 
be noted that the 9-sec. group was con- 
sistently below the other three groups 
at every point on the curve and that, 
with the exception of the first 10-trial 
block, the go-sec. group was consist- 
ently above the other three groups. 

The hypothesis that there is no dif- 
ference between the 9- and go-sec. 
groups was tested by means of the 
Mann-Whitney U-test for the results 
in terms of frequency of responses ob- 
tained in trials 51-100 and I-100. 
For trials 51-100 the hypothesis can 
be rejected at the .4 percent confidence 
level and for trials 1-100 at the .18 
percent level. No other differences 
between any two of the groups were 
significant by this test at the one per- 
cent level. 


The upper curve of Fig. 3 shows the 
percent frequency of CR’s for trials 
61-100 and the lower curve the per- 
cent frequency of CR’s for all trials 
(1-100) plotted as a function of the 
different inter-trial intervals. Both 
curves suggest that the amount of 
conditioning as revealed by frequency 
measures is a negatively accelerated, 
increasing function of the time inter- 
val between trials.* Presumably this 
function also approaches a limit sug- 
gesting that increase in the inter-trial 
interval results in no further improve- 
ment in conditioning. In an experi- 
ment conducted in the Iowa laboratory 
concurrently with this one, Baron (1) 
found evidence which suggested that 
the limit of this function for the hu- 
man eyelid response was somewhere 
between 120 and 270 sec. At least 
he reported no significant difference 
in the amount of conditioning ob- 
tained with groups trained under these 
two inter-trial intervals, although the 
270-sec. group was very slightly super- 
ior. 

The results of this study are in line 
with the type of hypothesis that as- 
sumes some factor of work decrement 
(inhibition, fatigue, refractory phase, 
etc.) in response. The longer inter- 
vals between trials allow this decre- 
ment to dissipate. Massing of trials 
leads to a more rapid and greater ac- 
cumulation of it with a consequent 
slower rise of the conditioning curve to 
a lower asymptote. 


SUMMARY 


Conditioning of the eyelid of human 
subjects was carried out under four 
inter-trial time intervals, 9, 15, 30 
and go sec. on the average. The re- 


* A plotting of rough estimates of the asymp- 
totes of the learning curves (as a function of inter- 
trial time interval) also reveals a similar nega- 
tively accelerated function. 
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sults for both the last part and the 
whole of the conditioning period in- 
dicated that the amount of condition- 
ing increased with increase in the 
magnitude of the inter-trial interval. 
The data suggest that the relationship, 
when determined more precisely, will 
be a negatively accelerated one ap- 
proaching an asymptote. 


(Manuscript received 
November 14, 1949) 
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TRANSFER OF TRAINING TO A MOTOR SKILL AS A 
FUNCTION OF VARIATION IN RATE OF RESPONSE '! 
BY KATHERINE E. BAKER AND RUTH C. WYLIE 
Connecticut College 
AND 
ROBERT M. GAGNE 


Air Training Command Human Resources Research Center * 


INTRODUCTION 


This experiment is a study of the re- 
lationship between amount of transfer 
of training and degree of resemblance 
between training and final tasks which 
involve identical stimuli, but require 
responses which differ to various ex- 
tents along the dimension of rate of 
movement. 

It has long been recognized by both 
laymen and psychologists that train- 
ing on one task will benefit the learning 
of the second task when the two are 
similar in some respects. However, 


there is available no satisfactory, con- 
clusive statement of the relation be- 
tween the kinds and extent of vari- 
ations in tasks and amount of transfer 
obtainable. 


The Wylie hypothesis (7) distinguishes 
between variations in stimuli and in re- 
sponses, and states that positive transfer 
occurs if the organism is required to learn 
to give an ‘old’ response to a ‘new’ stim- 
ulus; while on the other hand, negative 
transfer occurs when the stimulus re- 
mains the same and a ‘new’ response is 
required. On the basis of a review of 
experimental evidence, McGeoch has 
enlarged upon the first part of the hy- 
pothesis to conclude, “Not only is learn- 
ing to make an old response to a new 
stimulus a condition which favors positive 


1 This paper is a modified version of Report 
316-1-10 under Contract N7onr-316, Task Order 
I, between Special Devices Center, Office of 
Naval Research, and Connecticut College. 

2 Perceptual and Motor Skills Research Lab- 
oratory, Lackland Air Force Base, San Antonio, 
Texas. 


transfer, but the amount of that trans- 
fer is a function of similarities among as- 
sociated terms” (5, p. 416). Although 
difficulties have arisen because of the lack 
of definition as to just what is meant by 
‘similarities’ among stimuli, there seems 
to be little controversy as to the essential 
truth of the above statement. Gibson 
(2) and others (1, 6) have appiied the con- 
cept of the generalization gradient to ac- 
count for the positive transfer obtained 
when a task requires a response to a stim- 
ulus which is similar to the pre-training 
stimulus. According to this hypothesis, 
during the learning of a task, response 
tendencies are established not only to the 
actual stimuli of the task, but also to 
other stimuli which are similar. Thus, 
at the beginning of training on a second 
task, response tendencies to the new 
stimuli are already present, the strength 
of these tendencies depending upon de- 
gree of similarity of the stimuli. 

As for the effects of response variation 
with stimuli held constant, there is con- 
siderably less agreement concerning trans- 
fer predictions. In the first place, am- 
biguities have arisen because there has 
been no adequate definition as to what 
constitutes a ‘new’ response. Osgood (6) 
seems to imply that ‘newness’ or vari- 
ation of response should be defined in 
terms ofthe goal achieved. For example, 
although Macfarlane (4) found positive 
transfer from running a maze to swim- 
ming through it, Osgood claims that these 
results do not contradict the Wylie hy- 
pothesis, since, despite obvious variations 
in type of body movements, no new re- 
sponse was involved. Even if this way 
of defining ‘newness’ of response is ac- 
cepted, the amounts of positive transfer 
obtained in bilateral transfer experiments 
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cannot be explained in terms of the Wylie 
hypothesis. If it is claimed that no new 
response is involved, one should expect 
equal facilitation of left hand perform- 
ance from practice by either the left or 
right hand. This is not the typical re- 
sult of such experiments. On the other 
hand, if one assumes that response vari- 
ation is involved, it must be conceded 
that the resultant positive transfer con- 
stitutes a contradiction to the Wylie hy- 
pothesis. 

In an attempt to resolve these contra- 
dictions, Gagné, Baker and Foster (1) 
have suggested that a motor ‘response’ be 
defined in terms of the particular body 
member(s) involved, and that such a re- 
sponse be quantitatively described with 
respect to the direction, force, distance 
and rate of movement. Any alteration 
in tasks which involves using different 
body members or changing the character- 
istics of the movements of the same body 
member would then constitute a case of 
response variation. With this concep- 
tion, it is obvious that response variations 
may occur without resulting in negative 
transfer, and consideration of some vari- 
able in addition to ‘newness’ of response 
is required for transfer predictions. For 
the cases in which negative transfer is the 
result of response variation (e.g., Hunter, 
3), it may be seen that stimulus-response 
relationships have been altered in such a 
way that a response previously associated 
with one stimulus of the task is now re- 
quired to be associated with a second 
stimulus of the task, while the response 
previously associated with the second 
stimulus now goes with the first stimulus. 
If there is a reversal of stimulus-response 
relationship, a maximum amount of neg- 
ative transfer is to be expected, since the 
effects of pre-training now have to be 
overcome before the correct responses 
can be made. The conclusion reached by 
the analysis of Gagné, Baker and Foster 
is that complete or partial reversal of 
stimulus-response relationships is the 
only type of task alteration leading to 
negative transfer; and that adverse ef- 
fects of training cannot be accounted for 
on the basis of either stimulus or re- 
sponse variations alone. 





In addition to the problem of defining 
the term ‘response,’ experimental evi- 
dence is lacking concerning the relation 
between amount of transfer and degree 
of alteration of responses. If we assume 
that response generalization is a basic 
mechanism underlying transfer effects 
following response variation, then amount 
of transfer should decrease with decreas- 
ing similarity of responses. The concept 
of response generalization is based upon 
the idea that while a given response is 
being learned to a stimulus, this stimulus 
also tends to evoke other responses which 
are similar to the learned response in 
force, direction, distance, and rate of 
movement. Upon beginning to learn a 
new task which involves identical stimuli 
but requires a different response, there 
will already exist some tendency to make 
this new response, the amount of this 
tendency depending upon how closely 
the new response resembles the old. In 
the absence of alterations in stimulus-re- 
sponse relationships, varying amounts of 
positive transfer are the expected result, 
just as in the case of stimulus variation. 
This prediction is to be contrasted with 
that of Osgood, who states, ‘“‘Where stim- 
uli are functionally identical and re- 
sponses are varied, negative transfer and 
retroactive interference are obtained, the 
magnitude of both decreasing as similar- 
ity between responses increases” (6, p. 
135). 

The purpose of the experiment re- 
ported here was to explore further the 
transfer effects of response variation 
when the stimuli of the initial and final 
tasks are identical, when no stimulus- 
response reversal is involved, and 
when responses are varied along the 
dimension of rate.2 The task required 
the subject to follow an irregularly 
moving stimulus with a pointer con- 
trolled by a small hand crank. The 
apparatus employed allowed for vari- 
ation in the rate of cranking response 
required for accurate tracking of the 

* Variation of extent and perhaps of force of 


movement accompany rate changes in the pres- 
ent motor task. 
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Diagram of the apparatus showing wiring and the 


functional relationships among moving parts 


moving stimulus. Thus, a subject 
could be trained on a task requiring 
one rate of response and then be tested 
on performance with another rate. In 
this way, variation in the responses of 
the initial and final tasks was brought 
about, though the goal of following the 
target remained the same. The dif- 
ference in response rates required in 
training and final tasks was taken as 
an index of similarity of response, and 
amount of transfer was determined by 
comparing the performances of trained 
and untrained subjects. Thus, the 
data of the experiment provide a par- 
tial test of the controversial issues 
cited earlier in the paper. 


METHOD 


Subjects —This experiment involved five 
groups of 31 male college students who volun- 
teered to serve as subjects at the rate of 60 cents 
per hour. Each group was matched with each 
other one on the basis of scores on two one-min. 
trials on the apparatus used in the experiment. 
The rate of response required in the matching 
trials was an intermediate one and differed from 
any of the response rates used in the experiment 


proper. The correlations between the matching 
score and the scores on the first four trials at the 
various rates used in the experiment ranged from 
-71 to .84, and the lowest of these was used as an 
estimate of the degree to which matched subjects 
possessed the same amount of ability to perform 
this task.‘ 

Apparatus.—In general, the apparatus pro- 
vides for presentation of a target which moves in 
an irregular fashion over a 120° sector of the cir- 
cumference of a circular dial; and for a hand 
crank mechanism for following the target with 
an index line which also may be moved around 
the dial. The target consists of a small red dia- 
mond upon which is inscribed a white line, § in. 
long and 5/100 in. wide. The white following 
line, which is moved by means of a three-in. 
ball-crank handle, is § in. long and 5/100 in. 
wide. It bisects another diamond, outlined in 
white lines, which is placed just inside the path 
of movement of the target. Both the target and 
the following line appear on the 6}-in. diameter, 
black face of a bearing indicator of the type com- 
monly in use in radar and sonar equipment. 
The bearing indicator is set into the tilted front 
surface of the apparatus box, while the hand 
crank is directly below on a vertical section of 
the box. A given pattern of movement of the 


“Mean scores on the matching criterion for 
the five groups ranged from 33.85 to 33.92 sec- 
onds; standard deviations ranged from 4.00 to 
4-15. 





Ne ee ee 


724 K. E. BAKER, R. C. WYLIE, AND R. M. GAGNE 


target continues for a one-min. period, while an 
electric timer measures the proportion of this 
time that the subject has kept the two white 
lines in alignment. 

Fig. 1 is a wiring diagram of the apparatus, 
and also shows the functional relationships be- 
tween the various parts. ‘The two pairs of syn- 
chro motors at the right of the diagram are con- 
nected with the target and the following lines, 
and serve to bring about their movements. Syn- 
chro-1B moves the target diamond through 
movements of a ‘random’ cam, driven by a syn- 
chronous motor. The synchronous motor also 
drives a timing cam which stops movement of 
the ‘random’ cam and target afterone min. The 
‘random’ cam is so constructed that a different 
pattern of movement of the target is produced 
for each of the first four one-min. trials, after 
which the four patterns are repeated for the next 


four trials during the next rotation of the cam. © 
A red pilot light which is mounted on the front, 


of the apparatus serves to tell the subject that 
the apparatus is ‘on’ and that a trial is in prog- 
ress. 

Upon rotation of the shaft of Synchro-2A, 
Synchro-2B moves the four-in. diameter center 
disc of the bearing indicator upon which the fol- 
lowing line is drawn. This movement is brought 
about by rotation of the hand crank which is con- 
nected with Synchro-2A through a set of gears. 
The apparatus is provided with interchangeable 
gear combinations giving five different gear 
ratios for varying the speed of movement of the 
following line relative to the rate at which the 
hand crank is turned. The rates may be des- 
ignated in terms of the number of turns of the 
hand crank required to produce a 12.5° move- 
ment of the following line. In the present ex- 
periment the rates are }, §, 1, 2, and 4 turns per 
12.5°. Although rate of movement of the follow- 
ing line may vary, its direction of movement is 
always the same as that of the hand crank. A 
differential commutator arrangement provides 
for an electrical contact to be made when target 
and following lines are in alignment. For the 


present purposes, the following line made contact 
and was recorded as being ‘on’ the target over a 
range of one mm. on either side of ‘true’ align- 
ment. A separate circuit containing a buzzer 
and the clutch of a standard electric timer (meas- 
uring to the nearest 0.01 sec.) is connected with 
the main circuit so that during any given one- 
minute trial, alignment of the two lines is sig- 
nalled by the sound of the buzzer, and the time 
during which alignment is maintained cumulates 
on the timer. 

Procedure-—The subject was seated in front 
of the apparatus and given the following infor- 
mation about the task. When the apparatus is 
turned on for a trial the red signal light is lighted 
and the red diamond moves irregularly through- 
out a distance of 60 degrees on either side of top 
center of the dial. The job is to keep the target 
line and following line in alignment during all the 
time the red diamond is in motion. This is done 
by turning the crank handle to the right to make 
the following line go to the right and vice versa. 
Whenever these lines are satisfactorily aligned a 
buzzer sounds to inform the subject. The light 
turns off at the end of each trial and a one-minute 
rest precedes the next trial. 

Before the training task was undertaken, two 
trials were given with the gear ratio providing a 
rate of response of one turn of the crank handle 
per 12.5° movement of the following line. The 
number of seconds of alignment for these two 
one-min. trials was the basis for matching the 
five experimental groups. 

After these matching trials, the gear ratio was 
changed, and the subject was required to per- 
form the pursuit task for eight one-min. trials at 
the new rate. The subject was informed that 
somewhat different amounts of movement would 
be required than in the previous two trials. 

Upon completion of the eight trials of train- 
ing, a two-min. rest period was given during 
which the experimenter again changed the gear 
ratio for the final task. Again the subject was 
told that the rate of movement to be required 
had been changed. 


TABLE I 


Summary or Expertmentat Procepure 





Training Task Rate 





Final Task Rate 
Experimental 





(Croup 
Rate (No. of | Rate 
Turns /12.5°) Code No. 


— 7 — 
| 





Rate (No. of Rate 
Turns /12.5°) Code No. 


Conditions 
Investigated 





Io and 2; 
to and 4; 
29 and I¢ 
30 and I3 
40 and I, 
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Except for the matching trials, each of the 
five groups was subjected to a different experi- 
mental procedure as shown in Table I. The 
table indicates the rate of response required in 
the training and final tasks in terms of the num- 
ber of crank handle turns per 12.5° movement of 
the following line, and in terms of the code num- 
bers which we have assigned to these rates. The 
final column shows the experimental conditions 
investigated with each group. Again the code 
numbers for the different rates are used, but with 
subscripts denoting the number of the rate on 
which training was given. Thus, it may be seen 
that the experimental design provides data on 
the performance at each rate without practice 
(except for matching trials), and these scores may 
be compared with performance after training on 
different ones of the rates. Specifically, per- 
formance on the slowest rate without practice 
(Rate 19) may be compared with performance at 
this rate following training on the other de- 
creasingly similar rates (experimental conditions 
denoted by Rates 19, 13, and 14). Scores at 
Rates 29 and 49 may be comps ed with perform- 
ance at these rates following training on the slow- 
est rate (Rates 2; and 4;). 


RESULTS 


Sign of transfer.—Table II presents 


the means and standard deviations of 
TABLE II 


Experimenta Data Saowinc Pursurt 
Perrormance at Various Rates 
WITH AND wiTHouTt TRAINING 


Means and standard deviations of time scores 
are presented for four response rates without 
training and for three rates following various 
kinds of training. The mean for each set of 
four trials is the average number of seconds of 
alignment out of a possible 240 seconds. For 
rate notations, see Table I. 








Trials 
Experi- 1-4 
mental 

Conditions 





Mean 





Rate Io 150.46 
Rate 2 1S1.51 
Rate 30 143-45 
Rate 40 117.12 
Rate I 162.72 
Rate I3 155.23 
Rate 14 158.18 
Rate 2; 159.55 
Rate 4: 114.39 




















time scores obtained under the condi- 
tions of the experiment. Each mean 
is the average number of seconds of 
alignment out of a possible 240 sec- 
onds for four trials. Inspection of the 
table reveals that the scores made at 
Rates Is, I3, 14, and 2, are higher than 
scores made at these rates without 
training (Rates 1» and 29). These 
differences, showing positive transfer, 
are significant at the .os level or better 
for both sets of four trials. In one 
case, Rate 4:, training produced no 
significant effect. However, in no 
case has the type of response variation 
used here produced negative transfer; 
and positive transfer is the general re- 
sult of these task alterations requiring 
a new response to be given to an old 
stimulus.® 

Response similarity and amount of 
transfer.—Our primary interest in the 
experiment concerns the relationship 
between the amount of transfer and 
the degree to which training and final 
tasks resemble each other in terms of 
the responses required. In the pres- 
ent case, tasks were varied in such a 
way that training and final tasks re- 
quired different rates of response, and 
measures of the response rate provide 
an index of response similarity. 

The design of the experiment allows 
us to compare the effectiveness of 
training on each of three tasks in which 
the required response rates are in- 
creasingly faster and decreasingly sim- 
ilar compared to the response rate of 
a common final task. Fig. 2A shows 
the amounts of transfer to the per- 
formance at Rate 1 resulting from 
training on Rates 2,3, and 4. As the 
measure of transfer, we have used the 
percentage increase in time scores for 
Rates 19, I3, and 14 over the score 
found for Rate 19. Training at each 


* It should be remembered that the variations 
in responses did not involve reversal of stimulus- 
response relationships. 
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A. Transfer as a function of similarity of response rates between training and final tasks. 
The rates of response required in training tasks are indicated along the abscissa. 
trained at each of these rates and then was tested at Rate 1. 
increase in time score after training over the score at Rate 1 for subjects who had no training. 


One group was 
Each datum point is the percentage 
Data 


are presented for two successive sets of four one-min. trials. 


B. Transfer from training at one rate to performance at two decreasingly similar rates. 


Each 


group was given training at Rate 1 and was then tested at either Rate 2 or Rate 4. Scores after train- 
ing were compared with scores attained at these rates without training, and each datum point is the 


percentage increase in time score following training. 


four one-min. trials. 


of the rates produced a significant 
amount of transfer throughout the two 
sets of four trials; and, further, train- 
ing at Rate 2 (most similar to Rate 1) 
is significantly better than comparable 
training at Rate 3. The amount of 
transfer produced by training at Rate 
4 (most dissimilar to Rate 1) is not 
significantly different from the amount 
following training at Rate 3, but is less 
than the amount produced by training 
at Rate 2.6 Thus, the data of Fig. 2 
show that the amount of positive 
transfer produced by training de- 
creases with decreasing similarity of 
response rate up to a training task 


* All differences called significant yielded crit- 
ical ratios at the .os5 level or better except the 
difference between Rates 2 and 4 which is sig- 
nificant at the .o7 level. In each case, sets of 
four trials are considered as a whole, since diffi- 
culty of tasks varied from one trial to the next 
within a set of four. Our statements, therefore, 
should be considered as specific to such a meas- 
ure. 


Data are presented for two successive sets of 


rate which is eight times as fast as the 
final task rate. A further decrease in 
similarity did not affect the amount of 
transfer obtained. (Rate 4 = 6 X 
Rate 1.) 

Direction of response variation and 
the similarity-transfer relationship.— 
We have just seen the relationship be- 
tween amount of transfer and degree 
of resemblance of responses, when the 
training task response : ere al- 
ways faster than the rate ired in 
the final task. The experiment also 
provides data for the investigation of 
this relationship when the direction of 
response variation is reversed, and the 
training task rate is slower than the 
final task rate. Two groups were 
given training on Rate 1, after which 
one proceded to learn the task at Rate 
2, while the other group went on to 
Rate 4. The percentage increase in 
time scores for Rate 2; and 4; over 
the scores for Rates 2) and 49 meas- 
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ures the degree to which training on 
Rate 1 transfers to the other rates 
which are faster and represent de- 
creasing similarity of response rates. 
Fig. 2B presents these data in graphic 
form. Training on Rate 1 produces a 
significant amount of transfer to Rate 
2 (which closely resembles Rate 1); 
but performance on Rate 4 (which is 
more dissimilar to Rate 1) is unaffected 
by the training.’ Thus, the data of 
Fig. 2B indicate that the same rela- 
tionship of decreasing transfer with 
decreasing response similarity holds 
for either direction of response vari- 
ation. 

Direction of response variation and 
amount of transfer—We have seen 
that the same relationship between 
relative amounts of transfer and simi- 
larity holds regardless of whether the 
training task rate is faster or slower 
than the final task rate. However, a 


comparison of Figs. 2A and 2B reveals 


the fact that the actual amounts of 
transfer differ, depending upon the 
direction of response variation. The 
difference in rate between Rates 1 and 
4 is the same for either direction of 
variation; but when training is given 
on Rate 4 (the faster rate) about six 
percent transfer to Rate 1 is obtained; 
whereas zero transfer to Rate 4 fol- 
lows training on Rate 1 (the slower 
rate). However, comparison of Rates 
I; and 2, shows that the difference in 
scores is not significant (CR = 1.03). 
Thus, a small difference in rate does 
not indicate the same dependence of 
amount of transfer upon direction of 
response variation. Response simi- 
larity appears to be an adequate basis 
for predictions of relative amounts of 
transfer to be expected. However, 
the actual amount of transfer obtain- 
able is not predictable on the basis of 


The difference between Rate 29 and 2; is 
significant at the .o1 level for trials 1-4 and at the 
.05 level for trials 5-8. 
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response similarity alone. Our data 
allow for the identification of an addi- 
tional parameter, direction of response 
variation, which operates to determine 
the actual amount of transfer obtain- 
able, at least for larger differences in 
response rate. 

Difficulty variation accompanying 
task alterations.—Since we have scores 
for each of the rates without prelimi- 
nary training we may compare the tasks 
as to their difficulty. It is of interest 
to investigate this aspect of the tasks 
to see if difficulty varies with the type 
of task alteration used here, and to see 
if a relationship may be found between 
amount of transfer and difficulty char- 
acteristics of tasks. It should be re- 
membered that the operations em- 
ployed in our task alterations involved 
changing the ratio of hand crank 
movement to following line move- 
ment. Such an operation changes 
the requirements of the tasks in a 
measurable way with respect to rate 
of response, but also changes the re- 
sponse with respect to extent of move- 
ment and perhaps force of movement. 
Therefore, difficulty variations accom- 
panying task alterations need not be 
determined solely by response rate 
variation, and considerations of diffi- 
culty may reveal the effects of rate 
or other variations. 

Fig. 3 is a plot of the mean time 
scores as a function of response rate 
requirements of the tasks. It may be 
seen that Rates 19 and 2» show about 
the same level of performance, while 
Rates 39 and 4 are increasingly more 
difficult, and lower time scores are at- 
tained. Thus, task alterations do 
produce difficulty changes, but only 
for the faster rates. All differences 
except between Rates Io and 29 are 
significant at the .o5 level or better. 

If we return to Figs. 2A and 2B we 
see that the greater amount of trans- 
fer is obtained for Rates 1, and 2, 
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Difficulty of tasks as a function of required rates of response. 
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For each task requiring 


a different rate, mean time scores attained without preliminary training are presented for two suc- 


cessive sets of four one-min. trials. 


where there is no difference in diffi- 
culty; while a smaller amount of trans- 
fer occurs for Rates 13, 14, 41, where 
training and final tasks do differ in 
difficulty. We may say, then, that 
when task alteration involves a vari- 
ation in difficulty of tasks, a smaller 
amount of transfer is expected than 
for the case when no difficulty change 
occurs. It should be noted that all 
transfer measures are calculated rela- 
tive to the particular task’s initial 
level of difficulty and, therefore, trans- 
fer measures do not include changes 
in scores due to difficulty differences 
among original tasks. 

It is also of interest to see if there is 
a relationship between difficulty vari- 
ation and the finding that the direc- 
tion of response rate variation affects 
actual amount of transfer. It was 
seen that, for large differences in rate, 
more transfer occurred from training 
tasks requiring a rate which was faster 
relative to that of the final task than 
was obtained from training at slower 
response rates followed by final tasks 
requiring faster rates. If we com- 


pare the amounts of transfer for Rate 
4: and for Rate 14, we see that more 
transfer occurs when the individual 
goes from a difficult task to an easier 
one. Rates 12, and 2; do not show a 
significant difference in amount of 
transfer, and we fail to show any dif- 
ficulty difference between these two 
tasks. Thus, within the limits of the 
present data the actual amount of 
transfer obtainable appears to depend 
upon a difficulty factor in such a way 
that less transfer is obtained over a 
given difficulty difference when the 
direction of task alteration is from 
easy to difficult or the training task is 
of a given level of difficulty. 


Discussion 


In this experiment positive transfer 
resulted when the training and final 
tasks involved stimuli which were 
identical, but responses which differed 
in rate. Over a given range of differ- 
ences in response rates, the amount of 
transfer decreased with decreasing de- 
grees of similarity between training 
and final tasks. Beyond this degree 
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of difference in response rates, no fur- 
ther increments in transfer were ob- 
tained. Although the relative amounts 
of transfer varied with degree of sim- 
ilarity regardless of whether the train- 
ing rate was slower or faster than 
that of the final task, the actual 
amount of transfer obtained did seem 
to depend upon this factor of direction 
of response variation, when large dif- 
ferences in rate were involved. In 
addition, it was found that less trans- 
fer was obtained when there was a 
difference in difficulty between initial 
and final tasks. 

The first point of theoretical inter- 
est here is the fact that positive rather 
than negative transfer appeared foi- 
lowing this kind of task variation. If 
one is willing to say that our proce- 
dure involved the use of ‘new’ re- 
sponses, the evidence clearly contra- 
dicts those hypotheses which predict 
negative transfer following response 
variation, and bears out the predic- 
tions made on the basis of response 
generalizationtheory. Since thestim- 
uli were obviously identical, any claim 
that responses were not varied would 
mean that all aspects of the task were 
identical; and one is faced with the 
dilemma of explaining how one could 
obtain varying amounts of transfer 
from these functionally identical tasks. 

Another point of theoretical interest 
is the decrease in amount of transfer 
with decreasing response similarity. 
According to the response generaliza- 
tion theory there should be more tend- 
ency to make responses closely similar 
to a learned response than to make 
less similar responses. Thus, train- 
ing on a given response should facili- 
tate the subsequent learning of a very 
similar response more than the subse- 
quent learning of a less similar one. 
Both the amount and sign of the trans- 
fer obtained here are consistent with 
this response generalization theory. 
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Certain aspects of our results do not 
permit definite theoretical analysis at 
present. Thus, although the relative 
amounts of transfer obtained were con- 
sistent with our predictions, it is to be 
noted that, for larger differences in rate, 
the actual amounts of transfer depended 
upon whether initial training was given 
at a fast or slow rate. This is seen by 
the fact that more transfer occurred from 
Rate 4 to Rate 1 than in the reverse di- 
rection. Response generalization theory 
in its simplest form is not adequate to ac- 
count for these results. However, we 
might suggest that either the level of dif- 
ficulty of the training task or the direction 
one moves along the difficulty continuum 
when going from initial to final task might 
be a factor in determining the amount of 
transfer. If either of these was the ex- 
planation, we should get no more trans- 
fer from Rate 2 to Rate 1 than when we 
go in the reverse direction, since Rates 1 
and 2 seem to be at the same difficulty 
level; but we should get more transfer 
from Rate 4 to Rate 1, than vice versa, 
since these rates differ in difficulty. Ac- 
tually we do get more transfer from Rate 
4 to Rate 1 than we do from Rate 1 to 
Rate 4, whereas we get the same amount 
of transfer in either direction between 
Rates 1 and 2. Thus, we know that 
level of difficulty or the direction one 
moves along the difficulty continuum in 
going from initial to final task, or both, 
are factors in determining actual amounts 
of transfer. It would be impossible, 
within the limits of our data, to choose 
between these two factors. Thus, we see 
that the only consistent, identifiable re- 
lation is that between rate differences 
and relative amounts of transfer, this 
relation being explainable in terms of re- 
sponse generalization theory. Further 
experimentation is necessary in order to 
determine why more transfer should oc- 
cur when going from a faster to a slower 
rate over a large, constant rate difference. 

Several precautions should be taken in 
interpreting the data of the present ex- 
periment. First of all it should be noted 
that, although our plan involved varying 
responses along the dimension of rate, a 
number of concomitant unmeasured vari- 
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ations undoubtedly occurred. Since it is 
impossible to vary rate without varying 
some of these other aspects of the re- 
sponse, it is impossible to say that rate 
variations alone would produce the re- 
sults found here. Neither can we say to 
what extent, if any, the other varying 
aspects of responses, taken separately, 
would influence transfer results. Our 
assumption was, however, that if a 
judged similarity scale of these tasks were 
to be determined, the tasks would rank 
in the order of measurable rates. Per- 
haps the sensed difficulty of the task, or 
other unmeasured inter-task differences 
would contribute to the judgments of 
similarity; but we have assumed that 
such factors would not have changed the 
order of judged similarity from that pri- 
marily determined by rate differences. 
However, we do not claim that the rate 
differences are anything more precise 
than an ordinal measure of the degree of 
similarity which these tasks had for our 
subjects. This kind of measure does not 
permit an exact statement of the function 
relating amount of transfer to degree of 
similarity of tasks. Nevertheless, the 
trends of the data are quite clear. 

It is also important to note the char- 
acteristics of the task and the kind of 
measure of learning employed here, since 
many of the results and implications 
might differ from the present ones had 
we employed a slightly different task or 
used some other measures of learning. 
The response required in this task in- 
volved two aspects: following the general 
direction and speed of a moving target; 
and, at the same time, maintaining pre- 
cise alignment of two fairly small stim- 
uli. This response differs from certain 
other pursuit or tracking tasks which in- 
volve a general following reaction, but 
require alignment of pursuit and target 
stimuli at only one point, after the target 
stimulus has been brought back from an 
excursion away from this point. In our 
task the subject receives no credit for 
following the general speed and direction 
of the target, but scores only during the 
time when exact alignment is being main- 
tained. If we had measured errors in 
terms of the number of times the subject 


moved off the target, we might have 
found different transfer effects and opti- 
mum rates for training. In the present 
case it is conceivable that two individuals 
might be on the target for the same total 
amount of time, yet one might achieve 
this total while vacillating on and off the 
target frequently, while the other might 
make fewer errors but spend longer pe- 
riods of time on and off the target. The 
learning measure employed provides 
what is perhaps the most practically 
important datum, i.e., the amount of 
time on the target; but we have no way 
of determining the extent to which such 
a measure reflects number and degree of 
error in performance, which also may be 
of theoretical and practical interest. 


SUMMARY 


An experiment is reported which 
deals with transfer of training as a 
function of differences in response rate 
between the training and final tasks. 

The tasks employed in this experi- 
ment involved turning a crank so as to 
keep a pointer in alignment with a 
target which moved irregularly back 
and forth over a 120° sector on the 
circumference of a dial. Various gear 
combinations could be installed in the 
apparatus, making it possible to vary 
the ratio of rate of crank movement to 
rate of pointer movement. The re- 
sponse rate required for accurate pur- 
suit of the target was measured in 
terms of the number of crank handle 
turns needed for a 12.5° movement of 
the pointer. The apparatus provided 
for four tasks requiring different re- 
sponse rates: Rate 1 = } turn per 
12.5° pointer movement; Rate 2 = 
} turn per 12.5°; Rate 3 = 2 turns per 
12.5°; and Rate 4 = 4 turns per 12.5°. 
The measure of performance was the 
number of seconds during which align- 
ment was successfully maintained dur- 
ing a one-min. trial. 

The experiment involved 155 sub- 
jects divided into five matched groups. 
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Each group was given eight training 
trials at one rate followed by eight 
trials of a final task requiring another 
response rate. Combinations of train- 
ing and final tasks were given which 
permitted us to make the following 
comparisons: (a) Scores made at Rate 
I without training vs. scores made at 
Rate 1 after training at Rates 2, 3, or 
4 (which were decreasingly similar to 
Rate 1); (b) Scores made at Rates 2 
and 4 without training vs. scores made 
at Rates 2 and 4 after training at 
Rate 1 (which was more similar to 
Rate 2 than to Rate 4). 

1. A significant degree of positive 
transfer to Rate 1 resulted from train- 
ing at Rates 2, 3, and 4. Also a sig- 
nificant degree of positive transfer to 
Rate 2 resulted from training at Rate 
1. Thus, the hypothesis predicting 
positive transfer from response vari- 
ation is supported by these results. 

2. The relative amount of positive 


transfer obtained from training de- 
pended upon the degree of similarity 
between the training and final tasks, 
expressed in terms of resemblance be- 


tween required rates of response. 
This was true regardless of whether 
the training task required a faster re- 
sponse rate than the final task or the 
reverse procedure was followed. 
Training at Rates 2 and 3, which 
were decreasingly similar to Rate 
1, yielded significantly decreasing 
amounts of positive transfer to Rate 
1; while training at Rate 4 yielded 
essentially the same amount of trans- 
fer as training at Rate 3. Also, Rate 
1 yielded more transfer to Rate 2 
than to Rate 4. 

3. Although the same similarity- 
transfer relationship holds when train- 
ing task rate is faster than final task 
rate as when training is at a slower 
rate than the final task, the actual 
amount of transfer differs for the two 
conditions. For a large constant dif- 
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ference in rate, training on the faster 
rate produces more transfer to per- 
formance at the slower rate than vice 
versa. Although there is no more 
transfer from Rate 2 to Rate 1 than 
in the reverse direction, training at 
Rate 4 produces a six percent im- 
provement in performance at Rate 1, 
while Rate 1 yields zero transfer to 
Rate 4. 

4. It was found that the task altera- 
tion used here also resulted in vari- 
ations in difficulty of the tasks, as 
measured by the level of performance 
attainable without training. While 
Rates 1 and 2 did not differ in diffi- 
culty, Rate 3 was significantly more 
difficult than these rates; and Rate 4 
was significantly more difficult than 
all the other rates. Considering the 
factor of difficulty as it relates to 
transfer effects, we see that a greater 
amount of transfer was obtained when 
training and final tasks did not differ 
in difficulty than when such a differ- 
ence did exist. In addition, for large 
differences in response rate, a greater 
actual of transfer was ob- 
tained when the training task was 
more difficult than the final task. 
This effect may be a function of the 
relative difficulty of the training task 
compared to the final task, or it may 
be dependent upon the absolute level 
of difficulty of the training task. 

5. These results were found to be 
consistent with response generaliztion 
theory. 


amount 
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THE EFFECT OF INCREASED POSITIVE RADIAL 
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The pilot of modern high-speed air- 
craft is required to make rapid dis- 
criminatory responses to a complex of 
stimuli if he is to avoid mishap. The 
increased speed and maneuverability 
of modern aircraft have placed the 
pilot under greater and greater stress 
conditions. The present investiga- 
tion deals with the effect of exposure 
to one of these stress conditions, that 
of increased positive radial accelera- 
tion. 

Pilots of aircraft encounter condi- 
tions of increased positive radial ac- 
celeration in maneuvers such as turns 
and recovery from dives. The ac- 
celerative force imposed is like that 
acting upon any body rotating about 
a fixed point, and this force tends to 
accelerate the body away from and at 
right angles to, the arc of rotation. 
For convenience the accelerative rate 
that would result, if the body were 
free to move, is converted into multi- 
ples of the normal gravitational ac- 
clerative force of the earth. A five-g 
force is then equivalent to five times 
that of gravity or has an accelerative 
rate of approximately 161 feet per sec. 
per sec. The applied force is termed 
positive, as in this paper, if the force 
acts in a head to seat direction on the 
subject. This tends to pool the blood 
in the lower extremities and the lower 
trunk region of the body. Negative 
g is just the opposite of positive g and 


1 This research was conducted at the Univer- 
sity of Southern California as a part of Navy Con- 
tract N6ori77-Task Order III, Neil D. Warren, 
responsible investigator. Special assistance in 
the construction of equipment was given by A. 
Lu Ulberg and Robert Leyden. 


the body fluids tend to be pooled in 
the head and upper trunk regions. 
Human tolerance to these accelerative 
forces is higher for positive g than for 
negative g, and it is the positive g con- 
dition that is the most frequently en- 
countered by pilots in the familiar 
seated position in the aircraft. This 
research was directed at a determina- 
tion of the effects of increased positive 
radial acceleration on discrimination 
reaction time. 


PROCEDURE 


A pparatus.—All of the research data included, 
unless otherwise specified, were obtained on vol- 
unteer college students tested on the human 
centrifuge at the University of Southern Cali- 
fornia. The centrifuge consists of a boom, ap- 
proximately 23 ft. long, which rotates in the hori- 
zontal plane. Ss are seated at the extreme end 
of the boom, and tested while it is in motion. 
As the centrifuge rotates, the seat swings out 
approaching a position horizontal with the floor. 
The speed of rotation of the boom determines the 
amount of radial accelerative force imposed. 
Since a relaxed S$ loses vision temporarily at 
about 4.5 g, a condition called blackout, it was 
necessary in this study to keep the level of force 
imposed moderately low. The use of the Navy 
Coverall Type Z-2 anti-g suit, however, enabled 
the use of g forces up to five with no symptoms 
of physiological embarrassment. 

The test problems were presented on a panel 
mounted vertically in front of S. He was to 
move a toggle switch in the direction that a red 
light lay from a green one on this test panel. A 
small white light in the center served as a warn- 
ing light and the test stimuli were presented in 
from 1.5 to 2.5 sec. after the appearance of this 
warning light. This foreperiod was varied from 
response to response in an irregular order. The 
test panel and rate of presentation of the stimuli 
were quite similar to that used in the Army Air 
Forces Psychology Program in the last war (3). 

In each experimental trial, as soon as the cen- 
trifuge had reached terminal speed, E turned on 
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the test mechanism. The warning light ap- 
peared and was then followed by the test lights. 
Each experimental trial lasted for approximately 
15 sec., during which time S made five separate 
responses. A standard electric timer recorded 
the cumulative time for the five trials and this 
cumulated time served as the basic measure of 
the experiment 

For any one discrimination pattern setting, 
the red light would be either above, below, to the 
right, or to the left of the green light. The panel 
had one red and one green light in each of the 
four corners. The red light could then appear 
above or below the green on either the left or 
right side of the panel.. Similarly, the red light 
might be to the right or left of the green light en 
either the top or bottom half ofthe panel. Eight 
different cables were constructed to be connected 
to the stimuli-controlling apparatus. Each of 
the cables presented the stimuli in a different 
order and in different positions on the panel. 
These cables were changed on every trial in order 
to keep Ss from learning a specific response se- 
quence. Table I shows the stimuli presented by 
each of the eight cables. The letter on the left 
in each cell represents the side of the panel on 
which the pair of lights appeared and the second 
letter indicates the direction of the correct re- 
sponse movement. For example, Setting No. 1 
for Cable No. 1 was such that the lights appeared 
on the bottom half of the panel and a movement 
to the right was required. The five settings 
shown for each cable would go to make up an 
experimental trial. S never knew which cable 
he ~vas going to receive and, since he received the 
same cable only once each day and no more than 
four tirnes during the course of the entire experi 
ment, it is extremely doubtful that any learning 
of a movement sequence occurred. 

Experimental Design.—The 23 Ss used in the 
experiment were given medical examinations and 
indoctrination rides on the centrifuge prior to 
the experimental trials to determine their physi- 
cal fitness for participation in the experiment 
A three-g warmup run, without test problems, 
was given on each experimental day prior to the 
experimental trials in an effort to help S become 


adjusted to the centrifuge situation. The di- 


rections given prior to the first day’s experimen- 
tal trials were as follows. 


This test was designed to see how quickly 
and accurately you can react to a pattern of 


lights. On the board in front of you there are 


nine lights, two in each corner of the board and 
one in the center. The light in the center is a 
white light and lights up before each item in 
the series to let you know that the other lights 
are about to come on. In each corner of the 
board there are two lights; one of them is red 
and the other is green. In this test, one light 
will come on in each of two corners. For ex- 
ample this light might come on in this corner 
and this light in this corner. [£ points to any 
two lights that might appear.] Your task is 
to make a movement with this response but- 
ton that indicates the direction of the red light 
from the green. Think of the two lights as 
representing an arrow. The red light is the 
head or tip of the arrow and the green light is 
the tail or feathered end. Read the lights 
from red to green and then respond as quickly 
as you can with the response knob. 


Following the directions, each S was given five 
practice trials to insure that he understood the 
directions and was making the correct responses 
movements. He was shown that when and only 
when he made the correct response movement, 
the test lights would go out. 

The 23 Ss were divided into three groups; 
A, B, and C, with 8, 7, and 8 Ss respectively in 
the three groups. Each S was given six experi- 
mental trials on each of four different testing 
days. The six experimental trials given on each 
of the test days were composed of two runs each 
at1,3,andsg. This gave a total of eight experi- 
mental trials at each of the g levels for each of the 
23 Ss. Groups A, B, and C were given quite 
different orders of g trials in order that the ex- 
perimental results obtained would not occur 
merely because of the use of a particular g-level 
sequence. Each day the g-level trials were given 
in the abcabc order so that each S would have 
one of the three different g-levels in the first and 
last half of the day’s trials. Each of the three 
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Setting 1 


Setting 2 
Setting 3 
Setting 4 
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g-levels occurred almost exactly equally in every 
position in the series. 

The Ss did not, however, receive the same 
cables the same number of times at each g level. 
Since some of the sequences of items on some of 
the cables might have been more difficult than 
others, it was considered desirable to determine 
the comparative difficulty of response for each 
of the cables. ‘To do this, a separate group of 
40 Ss were tested off the centrifuge with the same 
apparatus. Each S was tested on each cable, 
the order of presentation being systematically 
varied, and on the basis of these scores stanine 
norm scores for each cable were prepared. The 
procedure was the same as that suggested by 
Guilford (2) for the C-scale, except that the top 
and bottom two intervals were combined to give 
a nine point scale. The times of the original 
experimental group tested on the centrifuge were 
then converted into these stanine scores. The 
score for each experimental trial was based on 
the dificulty of the particular cable response 
order as determined from the norm group re- 
sponse times. 


RESULTS 
The first and second half of each 


day’s trials were exactly alike in terms 
of the g-levelorder. Each of the three 
g levels used in the study on each day 
occurred once in the first three and 
once in the last three trials. For ex- 
ample, one S might have had his trials 
with the g-level order of 1, 3, 5, 1, 3, 53 
another might have 5, 1, 3, 5, 1, 3; ete. 
The data obtained on the first half of 
each day were combined to make up 
what will be called the first half re- 
sults and the data obtained on the 
second half of each day were com- 
bined to make up the second half. 
These two halves were then analyzed 
separately as shown in Table II. It 
will be remembered that the mean 
values represent cumulated time for 
five responses. 

Pearson product-moment correla- 
tions were computed between reaction 
times at the different g levels for the 
two halves separately. These were, 
for the first half, rig = .86, ris = .74, 
f33 = .72; and for the second half they 
were fi3 = .$9, fis = -71, and res = 


81. 
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TABLE Il 


Mean, Stanparp Deviation, anp STANDARD 
Error or THE Mean or THE Reaction 
Tres or Tue First ann Ssconp 
Hatr-Days’ Triats 


(Number of sec. for five consecutive responses) 


Mean | M 


g Level 


First Half 


bik 
05 38 
3-13 | 41 


Second Half 
OF 
07 
.07 





These correlations were moderately 
high and indicate a fairly consistent 
level of performance by each S. Dif- 
ferences in performance at the various 
g levels were then tested by means of 
the t-ratio. The only significant dif- 
ferences that occurred were between 
the 1- and 3-g levels and the 1- and 
s-g levels in the first half analysis. 
Response times for the first 3-g and 
$-g trials of the day were significantly 
slower than they were at one g, when 
all four experimental days were com- 
bined. Both the t-ratios of 3.55 for 
the 1-3 g comparison and 3.42 for the 
I-S g comparison were significant be- 
yond the one percent level of confi- 
dence. 

The data by halves were then 
broken down by day and t-ratios were 
computed for the differences between 
mean reaction time scores by g level. 
Each of the four experimental days 
was considered separately. This 
analysis showed a significant difference 
in performance for only the 1-g and 
5-g comparison on the first and second 
days for the first half trials. No other 
significant difference between any 
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two g levels for any day, regardless of 
the half considered, was found. The 
t-ratios between the 1-g and the 5-g 
conditions on the first half of the first 
day and the first half of the second 
day were 2.54 and 2.67 respectively. 
Both of these values are significant 
at the five percent level of confidence. 

Further analysis of the data re- 
vealed that while the mean reaction 
time for the 1-g trials for the first half 
and the second half did not differ sig- 
nificantly, the mean values for the 
3-g and 5-g conditons were both sig- 
nificantly shorter in the second-half 
trials than they were in the first. 
The t-ratios of 3.17 and 3.74 for the 
3- and §-g conditions respectively were 
both significant beyond the one per- 
cent level. With these differences 
clearly in mind, the two halves were 
combined as a matter of interest, and 
no difference between the reactions 
times of the separate g levels was 
found. 

Discussion * 

The most striking result of the ex- 
periment is the fact that the ability to 
make discriminatory reactions seems 
to be impaired by increased positive 
radial acceleration in the first few ex- 
perimental trials for the first couple of 
experimental days only, and thereafter 
is unaffected. No significant differ- 
ences in reaction time were found on 
any day for the second half of the 
day’s trials, and even the first half of 
the day’s trials showed no difference 
on the third and fourth experimental 
days. 


It seems highly unlikely that any 
physiological compensatory mechanism 


® It is important to keep in mind the fact that 
the results and discussion presented in this paper 
consider only the forces applied, inasmuch as 
instances of blackout and greyout are not in- 
cluded. Naturally, when vision is lost or mark- 
edly impaired, this type of response time would 
be greatly altered. 


could account for these results. Instead 
it is proposed that the effects of novelty, 
distraction, and apprehension involved 
in becoming adjusted to the experimental 
situation account for the reduction in Ss 
effectiveness early in the éxperimental 
series. After a few exposures to in- 
creased g, however, S becomes adapted 
and functions just as well at five g as he 
does at one g. 

A consideration of the results of this 
experiment and others on Spatial Orien- 
tation (4) and Perceptual Speed (1) leads 
to the conclusion that no drastic changes 
in mental efficiency occur in the pilot up 
to the level of five g. In none of these 
three studies has any significant decrease 
in performance been found with the in- 
creased accelerative forces as long as S is 
wearing an anti-g suit and the forces im- 
posed are no stronger than five g. As 
far as performance on these tasks is 
concerned, with the S§ still maintaining 
vision, the increased weight of the body 
and the body fluid shifts associated with 
the imposed forces do not seem to result 
in any altered performance within a 15 
sec. period. 

Further research is indicated, however, 
in lengthening the period of exposure to 
these forces, in pushing the level of forces 
applied higher, and in examining other 
types of human skills associated with 
piloting an airplane that might be af- 
fected. 

SUMMARY 


This experiment was designed to 
determine the effects of increased posi- 


tive radial acceleration on discrim- 
ination reaction time. ‘Twenty-three 
male college students served as Ss. 
All experimental trials were given with 
S wearing an anti-g suit. The prob- 
lem was to determine the direction 
that a red light lay from a green one 
on an exposure panel and then to make 
a simple motor response indicating 
that direction as quickly as possible. 
A series of four experimental days were 
given toeach S. On each of the four 
days Ss were tested twice at the 
normal resting condition (one g) and 
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twice each at positive radial acceler- 
ative forces equal to three and five g. 
The major conclusions of the experi- 
ment follow: 


1. The ability of S to make efficient 
visual discriminatory reactions is im- 
paired significantly under increased 
positive radial acceleration forces of 
five g for the first few trials early in the 
history of exposure, but thereafter is 
unaffected. 

2. This impairment, early in the 
history of exposure, is attributed to 
distraction, novelty, and apprehension 
associated with riding the centrifuge 
rather thantoany fundamental physio- 
logical embarrassment. 

3. The results of this study when 
taken in conjunction with others per- 
formed at this laboratory lead to the 
conclusion that visual discriminatory 
processes and certain basic mental 
abilities are not affected by these 


forces up to a level of five g as long as 


vision is maintained. 
4. Futher research should be de- 
voted to continued study,of these and 


other skills under conditions of length- 
ened exposure and increased level of 
force to determine if some critical 
point, short of unconsciousness, does 
exist where these functions might be 
impaired. 


(Manuscript received 
October 13, 1949) 
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INTRODUCTION 


The perception of the visual and 
postural vertical can be differentiated 
with respect to their modes of deter- 
mination. Visual vertical perception 
involves the adjustment of a visual 
target to a position aligned with the 
gravitational vertical. In determin- 
ing the postural vertical, S adjusts his 
body axis until he feels that it is 
aligned with the gravitational vertical. 

The controversy as to whether pos- 
tural or visual factors are of primary 
importance in the 
equilibrium is not a new one. 


maintenance of 
The 
arguments have been summarized by 
Gibson and Mowrer (4). On the basis 
on the available evidence they con- 
clude that in the event of conflict be- 
tween postural and visual factors the 
perceived vertical will be more nearly 
aligned with the gravitational vertical 
than with a displaced visual frame- 
work, 

Asch Witkin (1, 2), 


tilted visual framework and examin- 


and using a 


ing the perception of the visual verti- 
cal, have presented evidence in favor 


f a series of investiga- 


8 part o 
tions conducted jointly with the School of Avi- 
Medicine and Research under Contract 
N7onr-434, Task Order I, Office of 
Naval Research, n with the Bureau 
of Medicine nd the Tulane Uni- 
versity of Louisiana. Project designation num- 
ber NR-140-455 of the Medical Sciences Divi- 
sion, Office of Naval Research. Project NM- 
001-037 of the Research Division, Bureau of 
Medicine and Su Task Order Director: 


Cecil W. Mann 


ation 
with the 


in cooperatl 


of the position of Koffka (6), viz., that 
the main lines of visual space are of 
most importance in the determination 
of the vertical. Koffka contended 
that in event of conflict between the 
postural factors and visual factors the 
individual, when asked to determine 
the vertical and horizontal, would 
select the main lines of visual space 
to the neglect of the postural factors. 

The determination of the postural 
vertical in the presence of displaced 
visual frames of has 
been systematically attacked and it 
is the purpose of this study to investi- 


reference not 


gate some aspects of this problem. 
For of statistical test the 
following hypotheses were proposed: 
1. Adjustment to the vertical will 
be made to the main lines of visual 
space in the presence of conflicting 
gravitational and visual cues. 


purposes 


2. The average error of adjustment 
to the vertical will be equal for condi- 
tions of conflict or conditions of no 
conflict of the gravitational vertical 
and the main lines of visual space. 

3. The average error of adjustment 
to the vertical will exhibit no differ- 
ential effect when S and the visual 
frame of reference are displaced from 
the gravitational vertical in the same 
or opposite 
visual framework right versus S left, 


quadrants. (S_ right, 


visual framework right.) 


4. No differential effect with respect 


to the amount of divergence between 
the and the 
vertical set by the visual framework 


gravitational vertical 
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amination of the entries in Table I in- 
dicates that in all instances a larger 
mean constant error results when ad- 
justments are made in the presence of 
tilted visual frames of reference than 
when the main lines of the visual 
framework are aligned with the grav- 
itational vertical. In Table II the 
data show greater mean average error 


741 


for adjustments made when the main 
lines of visual space were not aligned 
with the gravitational vertical. The 
variability of the data was checked 
using the test described by Bartlett 
(3). The chances are greater than 
five in 100 that the difference in vari- 
ability occurred as a result of chance. 
We reject hypothesis two. 


TABLE Il 
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Fic. 3. Constant error in degrees for adjustment to the vertical in presence of tilted 
visual framework (positive points indicate error in direction of room tilt) 
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Fic. 4. Average error in degrees for adjustment to the vertical 
in presence of tilted visual framework 
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Tables I and II indicate that when 
adjustments were made from an initial 
tilt position in the same quadrant as 
the tilted visual frame of reference 
both constant error in the direction of 
the tilted visual framework and aver- 
age error were greater than when ad- 
justment was made from a position of 
initial tilt in the opposite quadrant to 
the tilted visual framework. Refer- 
ence to Tables III and IV show an 
indication of this in the larger prob- 
abilities of chance occurrence for the 
differences shown when adjustments 
were made from positions of tilt in the 
opposite quadrant to the tilted visual 
framework. Figs. 3 and 4 illustrate 
graphically the data of Tables I and 
II. The variability of data for ad- 
justment from the same quadrant 
when compared with that of adjust- 
ment from opposite quadrant gave a 
P between .10 and .20. We reject 
hypothesis three. 


Examination of Figs. 3 and 4 shows 
that as the amount of tilt of the visual 
framework increases there is an in- 
crease in the mean constant error in 
the direction of the tilted visual frame- 
work and an increase in the average 


error. The only statistically signifi- 
cant differences were between posi- 
tions of alignment of the visual frame- 
work with the gravitational vertical 
and positions of tilt of the visual frame 
of reference. These differences as 
shown by their t-values and probabili- 
ties are presented in Tables III and 
IV. While the probabilities of chance 
occurrence are not all statistically sig- 
nificant, the trend is clear. We reject 
hypothesis four. 


Discussion 


By rejection of hypothesis one we 
have in effect denied the contention of 
Koffka that in event of conflict be- 
tween postural and visual factors the 
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visual factors would be the determiners 
of the subjectively accepted vertical. 
In our experiment the main lines of 
visual space were sot accepted as de- 
terminers of the vertical. The data 
of Asch and Witkin working with the 
visual vertical was interpreted by 
these authors in support of Koffka’s 
contention. They show only that in 
the presence of conflicting postural 
and visual factors that the visual ver- 
tical tends to be judged nearer to the 
vertical set by the visual framework 
than to the gravitational vertical. 
They state that a tendency existed 
because the visual framework was a 
weak one. The visual framework used 
in this experiment was, however, the 
entire visual environment of the indi- 
vidual. That the visual framework 
does exert an effect in the judgments 
we admit in rejection of our second hy- 
pothesis. While the judgments were 
influenced in the direction of the tilted 
visual framework our data could in no 
way be interpreted to show that there 
was acceptance of the visual frame- 
work as the main determinant. 

A dichotomous treatment of the 
postural and visual factors seems in 
no way to follow from the data of 
other investigators and certainly not 
from our own. The determination of 
the vertical is a joint function of the 
postural and visual factors and best 
judgments are rendered when the 
two sets of factors complement each 
other. In the present experiment the 
compromise was weighted in the di- 
rection of postural factors, but this 
might easily be an artifact of the ex- 
perimental procedure and the equip- 
ment employed. 

An interesting finding is that which 
was raised by the third hypothesis. 
When adjustments were made from 
the same quadrant as the tilted visual 
framework the larger constant error 
was found in each case when com- 
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pared with adjustments from the op- 
posite quadrant. With regard to av- 
erage error it was noted that when ad- 
justments were made from the same 
quadrant the average error always 
equalled or exceeded that when the 
adjustments were made from opposite 
quadrants. It was noted when S 
made adjustments from the opposite 
quadrant he nearly always adjusted 
his body axis past the gravitational 
vertical and then returned himself in 
the direction of his initial tilt. When 
adjusting from the same quadrant the 
tendency was to stop short of the grav- 
itational vertical and then approach it 
slowly usually not passing beyond it. 
The index of constant error as shown 
in Table I could be an end result of 
such a procedure. Under the former 


procedure adopted in returning from 
opposite quadrants the greatest use 
could have been made of the postural 
factors, as the force vector of the grav- 


itational veri cal could operate on both 
sides ot the body axis giving a better 
basis for comparison and resulting in 
a smaller average error and a constant 
error not weighted as much in the 
direction of the visual framework. 
While the factors operating in this 
finding are not at this time clear, fur- 
ther work is indicated to explore in 
detail this finding. 

The curves presented in Figs. 3 and 
4 indicate a flattening effect at 15° 
and 20° of room tilt. It is true that 
only a few points were used in plotting 
and that room tilts of small magnitude 
were used. Plots of the individual 
data reveal similar trends and the 
curves presented here represent the 
data of each subject rather well. Ss’ 
reports indicated that they were bet- 
ter able to recognize that the room was 
tilted when the larger tilts were used. 
They further reported that when they 
were sure the room was tilted they 
tried to adjust ignoring the visual 
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framework. The data show definitely 
that they were unable to do this. 


SUMMARY 


1. Five midshipmen from the Tu- 
lane Naval ROTC unit served as Ss. 
They were required to adjust a chair 
to the vertical positions from tilted 
positions in the lateral plane. The 
chair was located in a room which 
could be tilted to various inclined po- 
sitions in the lateral plane. Adjust- 
ments were made in the presence of a 
visual frame of reference consisting of 
the entire room set 0°, 5°, 10°, 15°, 
and 20° from the gravitational verti- 
cal in the right and left quadrants. 
Ten determinations were made for 
each position of room tilt. S always 
began his adjustments from a tilted 
position of 45°. 

2. The theory of Koffka that the 
accepted vertical will agree with the 
main lines of visual space though they 
may be in conflict with the postural 
cues was rejected under the conditions 
of this experiment. 

3. Adjustments in the presence of a 
visual frame of reference showed equal 
variability when the visual cues pre- 
sented were in conflict with the pos- 
tural cues and when the two were in 
alignment. 

4. When adjustments were made 
from tilted positions in the same quad- 
rant as the tilted room the resulting 
average errors and constant errors in 
the direction of the tilted room were 
greater than when adjustments were 
made from tilted positions in the op- 
posite quadrant from the tilted room. 

5. With increasing amounts of tilt 
of the visual framework there was an 
increase in the size of average error of 
adjustment and of constant error in 
the direction of the tilted room. Sta- 
tistical treatment revealed that only 
the differences between conflict in pos- 
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tural and visual cues and no conflict 
were significant. 

6. Implications for the relative im- 
portance of postural and visual factors 
in the perception of the vertical were 
discussed. 


(Manuscript received 
October 31, 1949) 
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THE PERCEPTION OF OBSTACLES BY THE BLIND 


BY PHILIP WORCHEL, JACK MAUNEY, AND JOHN G. ANDREW 


University of Texas 


INTRODUCTION 


Since 1779 when Diderot (2) first re- 
corded the ‘amazing ability’ of a blind 
friend to perceive objects and to judge 
accurately their distance from him, the 
avoidance of obstacles by the blind has 
been a source of wonder and speculation. 
Diderot attributed this ability to an in- 
crease in the sensitivity of the facial 
nerves and end organs. 

Following Diderot’s publication, num- 
erous articles concerning this ability were 
reported and many theories were ad- 
vanced in explanation of the phenom- 
enon. Hayes (3), in his summary of this 
work, lists fourteen theories, which are 
divided into three groups: those based on 
a heightened response of some of the sense 
organs—the sensory theories; those 
which are based on a more acute inter- 
pretation of the normal responses of the 
sense organs—the perception theories; 
and the occult theories which explain the 
phenomenon in terms of magnetism, 
electricity, the subconscious, the develop- 
ment of a sixth sense, the vibration of the 
ether, or other hypothetical substance, 
or the action of vestigial organs of the 
skin. 

In 1940 in the Cornell Psychological 
Laboratory, Supa, Cotzin, and Dallen- 
bach (4) began their extensive studies to 
try to find the basis for the ability of the 
blind to perceive obstacles. 

Four Ss were used: two blind students 
who possessed the ability to perceive ob- 
stacles and two normally sighted gradu- 
ate students of psychology. All of the 
Ss served in seven series of experiments in 
which various sensory cues were elimi- 
nated. 

On the basis of their results, the experi- 
menters concluded that: (1) Stimulation 
of the skin by air waves was not a neces- 
sary condition for perception of obstacles. 
(2) Cutaneous surfaces were not suffici- 
ent for the perception. (3) Aural cues 


formed the basis for obstacle perception. 
It was impossible at this time for the 
authors to conclude whether or not the 
ability was due to pressure or auditory 
stimulation of the aural mechanism. 

In search of the answer to this problem, 
Worchel and Dallenbach (§) began their 
experiment: “The determination of the 
sensory basis of the ‘obstacle sense’ by 
the isolation and separate investigation 
of the aural components.” Deaf-blind 
Ss in whom the auditory meatuses were 
intact but audition eliminated were used. 
Their results led to the conclusion that: 
(1) The cutaneous surfaces of the exter- 
nal ears (meatuses and tympanums) are 
not sufficient to the perception of ob- 
stacles. (2) The pressure theory of the 
obstacle sense is untenable. (3) Audi- 
tory stimulation is both a mecessary and 
a sufficient condition for the perception 
of obstacles by the blind. Therefore the 
aural mechanism involved in the perception 
of obstacles by the blind is audition. 

While Supa, Cotzin, Dallenbach, and 
Worchel were determining the source of 
the ‘obstacle sense’ in the blind, another 
group of scientists under the auspices of 
the Committee on Sensory Devices of 
the National Academy of Sciences was 
conducting extensive research on guid- 
ance devices for the blind at the Haskins 
Laboratories in New York City. This 
project was carried out during the period 
February 15, 1944 through December 31, 
1947 under the direction of F. S. Cooper 
and Paul A. Zahl (1). The objective of 
the committee was the development of a 
portable device which would enable the 
average blind person to find his way 
about with more ease and efficiency than 
with the aid of the traditional cane or the 
guide dog. All of the devices developed 
were probe devices which were inherently 
limited to point-by-point exploration. 
The information which they presented 
to the blind was somewhat analogous to 
that which a sighted man would get by 
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viewing his environment through a soda 
straw. Eighteen different models were 
developed and subjected to tests at the 
Haskins Laboratories; however, only two 
of the devices performed sufficiently well 
to justify the hope that some instrument 
might eventually prove of general useful- 
ness to the blind. 

In order to determine the need and to 
evaluate the efficiency of any such device, 
it is necessary to assess the ability of the 
blind to orient themselves to their im- 
mediate environment without the use of a 
device. The results of the Cornell stud- 
ies (4) and those of the Haskins Labora- 
tories (1) show marked differences in the 
ability of the blind Ss to perceive ob- 
stacles. Some of the blind Ss could not 
perceive the obstacle at all, others col- 
lided with it frequently, and others re- 
ported perceiving the obstacle at various 
distances. Only four Ss were used in each 
of the studies. Indoor conditions and 


various testing procedures were utilized, 
and the results treated differently. A dis- 
tribution of the ability of the blind to per- 
ceive obstacles has as yet not been de- 


termined. The report of the Haskins 
Laboratories states, “Obstacle sense’ is 
often referred to in the literature of the 
blind, but little information is available 
as to the value of this special function or 
its distribution in the blind population.” 
It is the purpose of the present study to 
determine the distribution of the ability 
of blind Ss to perceive an obstacle under 
the usual outdoor conditions. 


PROCEDURE 


The procedure duplicated that of the third 
experiment in the Cornell studies (4) of 1944 with 
the exception that the experiment was conducted 
outdoors. The obstacle was a }-in. masonite 
board 4 ft. wide and 4 ft. 10 in. high. This 
board was attached to a portable standard. Its 
lower edge was placed two ft. above the floor. 
Its upper edge, 6 ft. 10 in. above the floor, was 
therefore well above the elevation of Ss’ cars. 
This movable obstacle was placed 6, 12, 18, 24, 
30, and 36 ft. away from the S on a concrete 
pavement 8 X 65 ft., bordered on both sides by 
grass. These distances were selected in a plan- 
ned haphazard order, which guranteed that 
every position should be used equally often and 
without repeated sequence. Not only was the 
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position of the board varied, but the subject was 
placed at different starting points in every trial. 
The starting positions, which were 0, 3, 6, 9, 12 
ft. from the end of the walk, were varied in 
planned haphazard order also. After determi- 
ning the starting position, E placed the obstacle 
6, 12, 18, 24, 30, or 36 ft. from it. Sixty trials 
were given to each of the 34 totally blind Ss. 
Six ‘check’ or false trials, that is, trials in which 
the obstacle was removed from the walk, were 
interspersed haphazardly in the last thirty tirals. 
At no time was the S brought up to the obstacle 
and shown his position after he had given his re- 
port. This experiment was not designed to 
study learning but merely to inform us of the 
ability of the blind subject to perceive an ob- 
stacle. Two reports were given by the S: (1) 
the point at which he first perceived the obstacle, 
the ‘first perception,’ and (2) the point of closest 
approach without touching the obstacle, the 
‘final appraisal.’ 

Instructions.—The following directions were 
read to each S before he began the experiment: 


A blindfold will be placed over your eyes so 
you will not have more skin showing than 
sighted people who also do this experiment. 
After you are blindfolded, you will be led 
around the experimental area in order that 
you will not know your location relative to the 
starting point or the obstacle. After a short 
time, you will be placed facing the obstacle 
near the right-hand side of the sidewalk. 
When you are tapped on the back, walk for- 
ward toward the obstacle. Walk near the 
right edge of the sidewalk and use this edge as 
a guide toward the obstacle. If you should 
leave the walk, immediately return to it and 
continue on toward the obstacle. When you 
first feel that something is in front of you, stop 
and raise your right arm. Then, lower your 
atm and continue to walk toward the obstacle. 
Approach it as closely as possible without 
touching it. When you have done that, raise 
your left arm and stand still. Do not touch 
the obstacle. As we wish to know how well 
you can do this, you will be asked to approach 
the obstacle many times. 


Subjects.—Arrangements were made with the 
Superintendent of the Texas State School for the 
Blind, Austin, Texas, for all the 34 totally blind 
students at the School to serve in this study.' 
Total blindness was defined as ‘no light percep- 
tion.’ All eye examinations were conducted by 


1 We are deeply indebted to Mr. W. E. Allen, 
superintendent of the Texas State School for the 
Blind, Austin, for his fullest cooperation in pro- 
viding the subjects and facilities for the present 
study. 
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TABLE I 


Distaisution or THe Mean Fiast Peacerrions ror THE 30 AND 36 Fr. Startinc Ponts, 
Mean Finat Aprraisats, anp Numer oF CoLutisions ror ALL 34 Ss 
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local ophthalmologists. The ages of the stud- 
ents selected ranged from 8 to 23 years, the mean 
chronological age being at 14.8 years. Eighteen 
students were congenitally blind, the other six- 
teen became blind between the ages of 1 and 11 
years. Our group included 16 females and 18 
males, The Ss were chosen only on the basis of 
total blindness and not for any particular ability. 
They came from all parts of Texas, and include 
all but two totally blind Ss in the State." 


RESULTS 


A summary of the findings on the 
mean ‘first perceptions’ for the 30 and 
36 ft. points, mean final appraisals, 
and number of collisions for all the 34 


Ss appears in Table Il. The ‘first per- 
ceptions’ of the 30 and 36 ft. positions 
were selected since many Ss perceived 
the board immediately upon being led 
to the shorter starting positions at 6, 
12, 18, and 24 ft. 

As the earlier studies show (4, 5), 
no one criterion is sufficient to demon- 
strate the ability of the blind to per- 
ceive obstacles. The number of col- 
lisions, consistency in ‘final appraisals,’ 


* For tables containing additional details con- 
cerning the subjects and the experimental results 
order Document 2726 fromm American Documen- 
tation Institute, 1719 N St., N.W., Washington 
6, D. C., remitting $0.50 for microfilm (images 
one in. high on standard 35 mm. motion picture 
film) or $1.40 for photocopies (6 X 8 in.) read- 
able without optical aid. 


the number of ‘false’ perceptions on 
the check trials, the relationship be- 
tween the distances of the reported 
perceptions and the starting points, all 
have to be considered in the evaluation 
of the ability of the blind to perceive 
obstacles. Ss who collide with the 
board more frequently than three 
times out of 60 trials, and report 
‘false’ perceptions have little or no 
ability to perceive obstacles as dem- 
onstrated by previous experiments (4, 
5). Ss whose ‘final’ appraisals and 
‘first perceptions’ increase with an in- 
crease in the starting distances do not 
possess the ‘obstacle sense.’ Their 
reports are due to chance and not to 
any perceptual ability (5). 

First perceptions.—An analysis of 
the mean ‘first perceptions’ for every 
starting point reveals three significant 
trends. In some cases, the average at 
one starting point is representative of 
the averages at every other point, 
that is, consistency in ‘first percep- 
tions’ from the various starting points. 
Thus, DE’s averages at the different 
starting points are 2.78 at 6 ft.; 3.33 
at 12 ft.; 3.00 at 18 ft.; 3.00 at 24 ft.; 
3-44 at 30 ft.; and 2.78 at 36 ft. For 
other Ss, we find an increase in first 
perception with an increase in the dis- 
tance of the starting points, i.e., the 
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further the starting-distance the larger 
the averages. This increase, however, 
is demonstrated in two ways. Some 
Ss reported perceiving the board im- 
mediately upon being led to the 6, 12, 
18, and 24 ft. starting points. Their 
increase in ‘first perception’ with in- 
crease in starting-distance is due to the 
fact that their true ability is greater 
than that measured by the smaller 
starting-distances. For example, 
JF’s averages are: 6.00 at 6 ft.; 11.77 
at 12 ft.; 16.55 at 18 ft.; 21.88 at 24 ft.; 
22.88 at 30 ft.; and 23.44 at 36 ft. 
The increase of ‘first perception’ 
with starting-distance for other Ss 
could not be explained on this basis. 
J B’s averages were: 1.36 at 6 ft.; 2.94 
at 12 ft.; 5.50 at 18 ft.; 7.78 at 24 ft.; 
8.67 at 30 ft.; and 9.67 at 36ft. These 


results stand in striking contrast to 
those of the former Ss and they indi- 
cate that the determining factor in 
these Ss’ reports was not their per- 


ception of the wall but the distance of 
the starting points from the wall. 
Sheer chance within the limitations 
set by the distances of the starting 
points will account, as we believe, for 
these results. The chance hypothesis 
is corroborated by the fact that JB 
gave six ‘false perceptions’ on the six 
check trials. He ran into the obstacle 
five times, and three of these five col- 
lisions occurred prior to the ‘first 
perception.” In addition, his mean 
‘final appraisals’ increased with an in- 
creased in the starting-distances. 

Table I shows that the mean ‘first 
perceptions’ of the 30 and 36 ft. 
starting points range all the way from 
2.5 ft. to 29.5 ft. The median of this 
distribution is 9.6 ft. 

‘Final appraisals..—The outdoor 
conditions of the present experiment 
presented many distracting cues. 
The concrete walk used in the experi- 
ment was only 50 ft. from one of the 
main streets in Austin. Traffic noise 
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and overhead airplanes were particu- 
larly disturbing. Changes in wind di- 
rection, sunshine and shade with the 
attendant temperature changes had to 
be interpreted properly. Despite 
these distractions, the general aver- 
ages of our Ss’ attempts to approach 
the wail “as closely as possible with- 
out touching it” are small. Twenty- 
five Ss gave mean ‘final appraisals’ of 
less than 1.0 ft. (Table I). Much 
smaller individual differences are ob- 
served in the ‘final appraisals’ than in 
the ‘first perceptions.’ The ability to 
first perceive the obstacle differs 
greatly from one blind S to another; 
but all the Ss who possess the ‘ob- 
stacle sense’ know when they are al- 
most ‘on top of it.’ 

The fractionation of the data and 
the separate computation of the aver- 
ages for every single starting point re- 
veal that for /B, JD, JM, DP the 
‘final appraisals’ increase with the dis- 
tance at which our Ss started walking 
toward the wall. For example, DP’s 
‘final appraisals’ average 1.56 at 6 ft.; 
2.50 at 12 ft.; 4.17 at 18 ft.; 3.56 at 
24 ft.; 4.17 at 30 ft.; and 5.56 at 36 ft. 
These results are in opposition to those 
of the other 29 blind Ss in which the 
‘final appraisals’ averaged approxi- 
mately the same for all the starting 
points. For example, DC’s ‘final ap- 
praisals’ averaged .67 at 6 ft.; .64 at 
12 ft.; .56 at 18 ft.; .64 at 24 ft.; .44 at 
30 ft.; .56 at 36 ft. Thus, for the 
four Ss mentioned above, the results 
indicate that distance, and not the per- 
ception of the wall is the factor deter- 
mining ourSs’ ‘final appraisals.’ Since 
the greater distances would by chance 
yield larger ‘final appraisals,’ the 
chance hypothesis seems to be the 
most reasonable explanation of our 
results. We are led to believe that 
these Ss do not possess the ability of 
perceiving obstacles. This conclusion 
is supported by the number of false 
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perceptions reported by these Ss, by 
the number of collisions, and by the 
large mean variation in mean ‘first 
perceptions’ and ‘final appraisals.’ 

V exierfehler—Six ‘blank’ trials were 
conducted, as will be recalled, during 
the last 30 trials. JB, JD, and BW 
reported ‘first perceptions’ and ‘final 
appraisals’ in all six trials. GK re- 
ported ‘first perceptions’ and ‘final ap- 
praisals’ in five ‘blank’ trials. DP and 
MS gave three false ‘first perceptions’; 
JC and JM gave two; SJ and SL gave 
one; and all the others (24) made none. 

Since the Ss did not know when the 
‘blank’ trials occurred, or even that 
they were to be given, their reports in 
these trials may be samples of their 
reports in the entire experiment. In 
RH’s case it appears from casual in- 
spection that they are. In six ‘blank’ 
trials he did not report a single ‘false 
perception.’ In 54 trials with the ob- 


stacle, he collided with it 16 times. 


Though the results of the ‘blank’ 
trials, considered alone, might sug- 
gest that RH possessed the ability to 
perceive obstacles to a high degree 
since he made no ‘final appraisals,’ 
i.e., did not report the obstacle when 
it was not present, that is not, as we 
believe, the explanation. The reason 
that he did not report the obstacle in 
the ‘blank’ trials when it was not 
present was because he did not report 
it in the ‘main’ trials when it was pres- 
ent. Not to report was the pattern of 
his responses. He was behaving the 
same in the ‘blank’ trials as in the 
‘main’ trials. 

On the basis of the results on the 
‘blank’ trials, we may conclude then 
that /B, JD, BW, GK, and RH do 
not possess the ability to perceive ob- 
stacles. The occasional ‘false’ reports 
made by some of the other Ss may be 
due to distracting cues, such as change 
in temperature, wind, or sudden 
noises. 
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Collisions.—The collisions were di- 
vided into two types: (1) those which 
occurred before the S perceived the 
obstacle; and (2) those which followed 
the signal of perception. 

Invariably the first type was a jolt- 
ing collision in which the S crashed 
forcefully into the obstacle without 
any apparent premonition that it was 
before him. TC and S/J collided with 
the obstacle in this manner. S/ suf- 
fered a collision of this type on her 
first attempt and TC collided before 
perception on his third approach. As 
these Ss later performed with suffici- 
ent ability to justify the belief that 
they do possess the obstacle sense, 
these errors probably resulted from 
nervousness due to the testing condi- 
tions. 

JB and RH also collided with the 
barrier in this manner. Their colli- 
sions were not localized near the first 
few trials but were dispersed through- 
out the experiment. In addition to 
this fact, RH had 16 collisions. Al- 
though /B only collided with the bar- 
rier 5 times, she gave a false percep- 
tion on every single blank trial. 

The second type of collision oc- 
curred after the S had signaled that 
he knew the barrier was in front of 
him. Many of these collisions were 
gentle contacts which frequently re- 
sulted from attempts to improve the 
final appraisal. The consistency and 
closeness of approach of HG indicates 
that he was more acute than any other 
S on his final appraisal. Yet he had 
four collisions of this type. 

Only JB, JD, RH, GK, and JM 
crashed heavily into the barrier after 
giving the signal for initial perception. 
They continued to walk until they 
suffered a jolting collision. In view 
of this erratic behavior, inconsistency 
of performance, and their complete 
lack of confidence, it seems that these 
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Ss do not possess the ability to per- 
ceive obstacles. 

Ss’ comments.—Without exception, 
the experience of perceiving the bar- 
rier was explained as a general bodily 
sensation which felt very similar to a 
shadow falling upon the S or as if an 
obstruction had blocked off the wind. 
Only three Ss indicated that they were 
even aware that obstacle perception 
was a function of audition. WP said 
he had once read that audition was of 
primary importance in perceiving ob- 
stacles. TC and JB each remarked 
spontaneously during the experiment 
that they did not hear the obstacle so 
well. With both TC and JB this 
spontaneous remark occurred only 
once during the experiment and on 
both occasions it followed a particu- 
larly poor performance. Following 


the conclusion of their 60 trials, neither 
of these Ss mentioned audition in 
their explanation of their ability. 


SUMMARY AND CONCLUSIONS 


The present study was undertaken 
to determine: (1) the distribution of 
the ability to perceive obstacles among 
34 totally blind Ss, (2) to determine 
the need for an obstacle avoidance 
device, and (3) to serve as a basis for 
evaluating the efficiency of an ob- 
stacle avoidance device. 

A movable obstacle was placed at 
pre-determined positions on an out- 
door concrete walk. The S was placed 
in a planned, haphazard manner 6, 12, 
18, 24, 30, or 36 ft. from the obstacle 
in 54 trials. Six ‘blank’ trials were 
interspersed during the latter half of 
the series. The S was instructed to 
report as soon as he perceived the ob- 
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stacle (first perception), and then to 
stop when he approached it as closely 
as possible without touching it (final 
appraisal). The results indicate: 


1. Large individual differences in 
the ability to first perceive the ob- 
stacle. 

2. Consistency in the ‘final ap- 
praisals’ of those Ss who showed evi- 
dence of possessing the ‘obstacle 
sense.” 

3. Seven of the 34 Ss (21 percent) 
did not possess the ‘obstacle sense’ as 
determined by the number of colli- 
sions, the number of false perceptions, 
the size of the mean variation of the 
mean ‘first perception’ and ‘final ap- 
praisal,” and correlation of mean 
‘first perception’ and ‘final appraisal’ 
with starting-distance. 


(Manuscript received 
November 14, 1949) 
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MIXED DISTRIBUTION OF PRACTICE 
IN MIRROR DRAWING! 


BY J. C. TSAO 
Hong Kong University 


INTRODUCTION 


In an experiment on mirror drawing, 
in which two-min. intervals were inter- 
polated between pairs of trials, Snoddy 
(4) found that the efficiency of the second 
trial in each pair was definitely lower 
than that of the first one. The author 
considered the loss in the second trial to 
be due to the interference between pri- 
mary and secondary growths which, in 
his words, “were distinctly opposite in 
character.” 

Under the conditions in his experi- 
ment, Snoddy thought that “we should 
have primary growth in the first circuit 
and secondary growth in the second, 
since continuity is a determiner of sec- 
ondary growth, but both should be under 
the dominance of the preceding time 
interval.”” In other words, the time in- 
terval before the paired repetitions should 
enhance primary growth which was a 
positive function of the time elapsing be- 
tween practice periods, and in the first 
trial the primary growth could develop 
normally; but in the second repetition, 
secondary growth occurred because of 
the continuity of trials, and thus im- 
paired both growths and caused loss. 

In Snoddy’s results, however, the evi- 
dence was not conclusive. In his experi- 
ment there were two pairs of trials pre- 
ceded each by a 24-hourinterval. There 
was no loss in the second trial of the pair 
after the first 24-hour recess, and there 
was a loss after the second over-night in- 
terval. ‘Though Snoddy considered the 
outcome after the second long interval 
as ‘‘a case following a long time interval, 


! This is the sixth article in a series of studies 
in spaced and massed learning, the other five 
having been published or sent to press (6-10). 
This study was carried out in the Psychological 
Laboratory, Cambridge, England; the writer is 
indebted to Mr. G. C. Grindley for help and 
advice. 


when the initial circuit caught the loss 
coming from this long interval, which cer- 
tainly eliminates it as a true exception to 
the principle,” it was rather dubious 
whether there should be losses in the 
second trials of paired repetitions pre- 
ceded by longer intervals. Further ex- 
perimental studies were needed. 

Snoddy’s theory of primary and sec- 
ondary growths has aroused much inter- 
est in the psychological world. Many 
investigators, Bell (1) and Doré and Hil- 
gard (2, 3), to mention only a few, have 
carried out critical or experimental stud- 
ies of it. All of these studies concerned, 
however, the effects of early and late, or 
longer and shorter, intervals, or improve- 
ments during or between practice; none 
of them, as far as the present writer 
knows, was about the nature of, and the 
relation between, the two growths as- 
sumed by Snoddy. 


Interferences represent, on the one 
hand, a relationship between the two 
growths, and may show the nature of 


them on the other hand. A study of 
the interferences, under the condition 
of mixed distribution of practice, 
would, therefore, throw some light on 
the nature of primary and secondary 
growths, and lay a basis for the evalu- 
ation of Snoddy’s theory which pur- 
ported to explain certain phenomena 
that are generally observed in spaced 
and massed learning. It was for this 
purpose that the present study was 
carried out. 


EXPERIMENT AND ReEsuULTs 


The experiment in the present study was a 
part of the experiment on mirror drawing re- 
ported in the first article of this series (6). A 
brief recapitulation and some supplements should 
suffice. The apparatus used was shown in the 
former paper. In general, it was slightly dif- 
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ferent from the ordinary star-pattern tracing 
sheet. The learning score was yy of the actual 
time, in terms of sec., taken by the S in each 
trial of tracing, which corresponded to the mean 
time required in tracing from the centre of the 
apparatus to one of the peripheral circles and 
back to the centre. 

The Ss were 16 R.A.F. staff; they formed the 
Group C which appeared in the former paper. 
Each S practised 12 trials in six sittings with two 
continuous trials in each session; in each day 
there were two sittings, one in the morning and 
one in the afternoon. 


The average scores were presented 


in the former paper and are repro- 
duced below: 
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general trend of increments in time- 
interval and in continuous practice, 
that is, there are usually more fluctu- 
ations in massed than in spaced trials. 


Discussion 


The results of the present study 
were quite different from Snoddy’s. 
The conditions in the present experi- 
ment were, however, also different 
from those in Snoddy’s experiment. 
We should first, therefore, make sure 
whether the differences in results could 
be explained by the differences in ex- 
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Since the scores are numbers of sec. in 
time and consequently denote the re- 
ciprocals of the speed of tracing, a 
larger figure means a lower efficiency. 

The learning scores show clearly 
that the second trials in paired repeti- 
tions had no decrement but increment 
inefficiency. The differences in scores 
between continuous trials and between 
successive trials separated by inter- 
vals are as follows: 





perimental situations. The lengths of 
the intervals used in the two studies 
were different, but this should not 
cause discrepancies in the results, since 
in Snoddy’s experiment both two-min- 
ute and 24-hour intervals were used 
and there was no reason why half-a- 
day’s intervals should give rise to dif- 
ferent outcomes. 

There was one difference in the ex- 
perimental procedures of the two stud- 
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0.2 1.06 





On the average the decrease in scores 
or increase in efficiency from one trial 
to another in continuous repetitions 
is slightly higher than that from one 
trial to another in trials separated by 
intervals, but the difference is small. 
The increments in achievement be- 
tween separated trials are more regu- 
lar, though the number of trials is 
only 12, too small to be seriously 
treated statistically. This may indi- 
cate one of the characteristics in the 


ies to which Snoddy would, perhaps, 
attach much significance. In Snod- 
dy’s experiment the first two trials 
were not paired. According to him, 
the loss in the second trials of paired 
repetitions “does not occur if the pair- 
ing is begun at the first repetition” (5). 
In the present study the pairing did 
begin at the first trial. It would seem 
that our results confirmed Snoddy’s 
supposition, but that was actually far 
from being the case. 
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Snoddy contended that the loss in 
the second of paired trials “does not 
occur if the pairing is begun at the first 
repetition, or if we have five, six, or 
any number of repetitions in continu- 
ous sequence from the beginning of 
practice,” and he cited the results of 
his Experiment 2 as evidence. In his 
experiment trials were separated by 
half-minute intervals. A scrutiny of 
his data (4, p. 27, Fig. 3) revealed that 
20 out of the $7 trials showed decre- 
ments in comparison with the immedi- 
ately preceding ones. These data did 
not fit in with Snoddy’s contention 
quite well. What his data showed are 
obviously fluctuations, rather rhyth- 
mic fluctuations, in learning efficiency. 
These fluctuations may be due to, 
among other factors, the particular 
experimental technique used by 
Snoddy. There were niches on the 
path of his apparatus, which made the 
tracing much more difficult than it is 
on an ordinary mirror tracing sheet 
or on the apparatus used in our experi- 
ment. Moreover, ‘pacing’ was ap- 
plied in his experiment; “the S is 
paced so that the number of errors and 
the number of seconds required for a 
circuit of the instrument are statisti- 
cally equal.” With such a require- 
ment, one error in average made in 
one sec., not more and not less, and 
such an apparatus with niches on the 
path, the mirror drawing in Snoddy’s 
experiment was not an easy task. 
Fluctuations in learning were natural, 
and it is not without justification to 
imagine that the second trials in 
paired repetitions were in a specially 
disadvantageous position. 

When Snoddy maintained that the 
loss in the second of paired trials “‘does 


not occur if the pairing is begun at the 


”? 


first repetition,” he was attributing 
the interferences which caused the loss 
to the experimental procedure in which 
the S was “first adapted to time-inter- 


val conditions and then shifted to con- 
tinuous practice conditions in the same 
practice sitting.”” In other words, the 
loss was due to the disturbance in the 
adaptation of the S to practice situ- 
ation because of the shifting from one 
condition to another. We remember, 
however, that formerly he attributed 
the loss to the dominance of the time 
intervals preceding paired trials. 

Snoddy must face a dilemma: If the 
loss was due to the dominance of the 
preceding time interval, it should not 
matter whether the first two trials 
were paired or not, since at any rate 
succeeding pairs would be preceded 
each by an interval; if the interfer- 
ences were due to the experimental 
procedure in which the S was “first 
adapted to time-interval conditions 
and then shifted to continuous prac- 
tice conditions in the same practice sit- 
ting,” there should be no loss after an 
over-night interval, since separated 
by 24 hours the pairs of trials could 
not be in the same practice sitting. 

In short, the results of the present 
study did not confirm Snoddy’s find- 
ings; his results might be an outcome 
of his particular experimental tech- 
nique and his hypothesis could not 
well explain them. This would in- 
evitably render Snoddy’s theory of 
mental growth questionable, at least 
as far as the interference or ‘opposed- 
ness’ between the two growths is con- 
cerned. 


SUMMARY AND CONCLUSION 


Sixteen Ss practised on mirror draw- 
ing in two continuous trials at each 
sitting, and they performed altogether 
12 trials in six sittings during a period 
of three days. The learning pro- 
gressed from trial to trial and did not 
show any regression at the second 
trials of paired tracings. The results 
did not substantiate Snoddy’s theory 
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of mental growth and thus rendered it 
questionable, at least as far as the 
interference or opposedness between 
the two growths is concerned. 


(Manuscript received 
September 15, 1949) 
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AN EVALUATION OF EXPERIMENTAL 
METHODS OF TIME JUDGMENT 


BY JOHS CLAUSEN 
New York Psychiatric Institute, Columbia University 


A common symptom in psychotic 
patients is a disturbance of what is 
known as ‘time sense.” This symp- 
tom presents itself either as a lack of 
orientation in time, or as the subjec- 
tive impression that time is passing 
unusually slow or unusually fast, as 
the case may be. 

Many problems are hidden behind 
the term ‘time sense,’ most of which 
have been unexplored. One problem 
that has been investigated in normals, 
and to a certain extent in schizophre- 
nic patients, is the ability to judge 
short intervals of time. Even this 


type of investigation is somewhat 
clouded by differences in experimental 
procedure and lack of uniformity in 


terminology. A discussion of termi- 
nology and the relative merit of the 
different methods can therefore be of 
interest for students of normal indi- 
viduals and psychotic patients. 


The methods used by investigators of 
the judgment of short time intervals can 
be listed as follows: (1) Presentation of 
an interval by the examiner which the 
subject is asked to reproduce (usually re- 
ferred to as the Method of Reproduction). 
(2) Verbal estimation by the subject of 
an interval set by the examiner (usually 
referred to as the Method of Estimation). 
(3) Demonstration by the subject of an 
interval stated by the examiner (usually 
referred to as the Method of Production). 
(4) A fourth method, one of comparison, 
has sometimes been employed where two 
intervals are presented and the subject is 
asked to indicate which is longer, but 
this method has not been used in the 
more recent studies. 

Even the names of the methods present 
problems. There is no objection to call- 
ing the first method the Method of Re- 


production, since it is descriptive of the 
actual task performed. The term ‘esti- 
mation,’ however, could just as well be 
used for method (3) as for method (2). 
We have preferred to call method (2) 
Verbal Estimation and method (3) Oper- 
ative Estimation. These names are 
more descriptive, the common element 
of estimation being emphasized, and the 
term ‘production’ of time avoided. 

The three methods, Reproduction, 
Verbal Estimation and Operative Esti- 
mation, have a common element in that 
they have a stimulus interval, presented 
by the examiner whether it is named in 
seconds or demonstrated by an operation, 
and a response interval, given by the sub- 
ject which can also be named or demon- 
strated. It is, of course, the relation be- 
tween the experimenter’s stimulus inter- 
val and the subject’s response interval 
that is of interest. This relationship has 
usually been stated in terms of overesti- 
mation and underestimation. This has 
led to some confusion since the stimulus 
as well as the response interval can be 
used as areference point. In some cases 
overestimation has been used when the 
response interval was longer than the 
stimulus interval, in other cases when the 
stimulus interval was longer. We have 
found it more reasonable to take the 
stimulus interval as our standard refer- 
ence point and use the term underestima- 
tion when response time is shorter than 
this standard, and overestimation when 
the response interval is longer than this 
standard. 

The relative value of the different 
methods has not come in for thorough 
discussion in the literature. Spencer 
(13) and Yerkes and Urban (15) have 
criticized the Method of Verbal Estima- 
tion because of the predominance of esti- 
mates ending with the preferred digits of 
zero and five. Spencer also found that 
with the Method of Reproduction more 
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accurate results were obtained than by 
statements in terms of time units (Ver- 
bal Estimation). Gilliland ‘and Hum- 
phreys (9) found that Reproduction is 
perhaps easier than Verbal and Operative 
Estimation, but these all seem to be 
closely related mental processes, accord- 
ing to them. In an unpublished study 
Johnston (12) combined the results from 
six previous studies and concluded that 
the methods of Verbal and Operative 
Estimation are equivalent since results 
obtained by these methods are the same. 

One of the most fundamental observa- 
tions with regard to time judgment is 
that during an interval filled with inter- 
esting activity time se¢ms to move rap- 
idly and during intervals filled with dull 
activity time seems to move slowly. 
The kind of filling, and the attention paid 
by the subject to the filling element have 
been found to be of importance.’ As 
Gilliland, Hofeldt, and Eckstrand (8) 
point out, however, it is difficult to dis- 
tinguish between filled and unfilled inter- 
vals. Visual, auditory and other exter- 


nal stimuli used to fill an interval may 


have little attention value for the sub- 
ject. On the other hand, the subject’s 
thoughts, memories or phantasies during 
the unfilled interval may constitute im- 
portant filling. 

Another basic problem with regard to 
time judgment is the significance of the 
duration of the intervals. Will short 
time intervals be judged differently than 
longer ones? 

Woodrow (15) worked with intervals 
from .2 to 30.0 sec. and found that each 
of the intervals was underestimated by 
some subjects and overestimated by 
others. Johnston (12), using the Method 
of Operative Estimation, compared nor- 
mal subjects with schizophrenic patients. 
She found that normals judged 5- and 
10-sec. intervals accurately and under- 
estimated intervals of 30 sec. and 
greater, whereas the schizophrenics over- 
estimated ¢ and Io sec., and underesti- 
mated the longer intervals. 


! For reference to the literature of this prob- 
lem see Gilliland, Hofeldt, and Eckstrand’s re- 
view (8). 
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In a recent investigation (the Columbia 
Greystone Project) concerned with the 
therapeutic effect of frontal lobe opera- 
tion on mental patients, 43 schizophrenic 
patients were tested for their ability to 
judge short time intervals. Nineteen of 
these patients had various parts of their 
frontal lobes removed and the remaining 
24 patients served as a control group. 
All these patients were tested at speci- 
fied intervals, before and after the brain 
operations were performed. Since the 
three methods of Reproduction, Verbal 
Estimation, and Operative Estimation 
were utilized, the data obtained may be 
analyzed to evaluate the adequacy of the 
different methods in the judgment of 
time. The operations were not found to 
alter in any way the function of time 
judgment in these patients (Clausen, 2), 
and therefore the operated and control 
patients have been treated as one group 
in thisreport. The original preoperative 
testing will be referred to as the O test. 
The repeated testing 44 months later 
will be referred to as the R test. 


Tue ExperimMENtT 


The apparatus used in this experiment was an 
electrically driven stop clock attached in series 
with a very dim lamp and a key. When the key 
was depressed the clock started and the lamp 
lighted, when the key was released the clock stop- 
ped and the light extinguished. The lamp could 
be replaced with a buzzer in the circuit by simply 
turning a switch. This arrangement made it 
possible to record judgment of time for filled 
(buzzer) and unfilled intervals (lamp). 

For the method of Reproduction the experi- 
menter pressed the key for 5, 10, and 15 sec. in a 
random sequence. Placed so that he could not 
see the face of the clock, the subject had to re- 
produce the same time interval immediately. 
For each interval an equal number of trials were 
given with the lamp (unfilled intervals) and with 
the buzzer (filled intervals). 

For the method of Verbal Estimation the ex- 
perimenter pressed the key for a given interval, 
and the subject was asked to estimate the dura- 
tion of the interval. 

For the method of Operative Estimation the 
subject was asked to press the key for an interval 
stated by the experimenter. 

The intervals utilized for all three methods 
were of 5, 10, and 15 sec. duration. Each inter- 
val for each method had an equal number of 
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filled (F) and unfilled (U) trials given in random 
order. The experiment thus consisted of 18 
subtests. 


RESULTS 


Performance on the filled intervals 
was compared with performance on 
the unfilled for the three different in- 
tervals utilized for the three different 
methods. This was done for the O 
and R test separately. When the 
method of critical ratios was applied, 
none of the comparisons reached the 
.01 level of confidence. Wecan there- 
fore conclude that this type of filling 
does not influence our subject’s ability 
to judge time intervals. 

The means for the three different 
intervals obtained by the three differ- 
ent methods separately for the origi- 
nal and the repeated test are presented 
in Table I. In accordance with the 
finding of no significant differences be- 
tween the filled and unfilled intervals 
they are combined in this table. At 
the top of the table is given the dura- 
tion of the stimulus interval. 

The table shows that the Method of 
Verbal Estimation consistently results 
in a marked overestimation. The 
Methods of Reproduction and Opera- 
tive Estimation have a tendency to re- 
sult in underestimation for the 10- and 
1$-sec. intervals and overestimation 
for the §-sec. intervals, although this 
tendency does not become apparent 
until the R test for the Method of 
Operative Estimation. 

By the Method of Verbal Estima- 


JOHS CLAUSEN 


tion decidedly less accuracy in the 
judgments was obtained than by the 
other two methods. The R test by 
this method gives means that are 
closer to the stimulus intervals than 
is the case for the O test, but they are 
still overestimated approximately 100 
percent. The difference in the means 
from the O test to the R test for Re- 
production and Operative Estimation 
is very slight, and what changes occur 
do not consistently go in the direction 
of increased accuracy. 

The intercorrelations between the 
subtests for the three methods have 
been computed. For each method the 
three intervals are treated separately 
for unfilled and filled condition, and 
separately for the O and the R test. 

The data obtained by the Method of 
Reproduction show marked scattering 
of the correlation coefficients for dif- 
ferent combinations of subtests. The 
coefficients vary for the O test from 
+.19 to +.93 and for the R test from 
—.14 to +.76. There is also marked 
difference in the correlation between 
the O and the R tests for the same 
combination of subtests. In one case 
the correlation for the O test is +.93 
and for the R test —.14. 

The Method of Verbal Estimation 
has a general tendency to higher and 
more uniform correlations between the 
subtests. The range is from +.70 to 
+ .92 for the O test and from +.77 to 
+.99 for the R test. The difference 
in the correlation coefficient between 
the O and the R testing intervals for 
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the same combination of subtests is 
rather small. 

The Method of Operative Estima- 
tion gives correlation coefficients be- 
tween the subtests very similar to 
those for Verbal Estimation. They 
are rather high and uniform with a 
range of +.60 to +.92 for the O test 
and +.78 to +.97 forthe Rtest. The 
difference from the O to the R test in 
any one combination of the subtests 
is also rather small here. 

The lack of reliability in the data 
obtained by the Method of Reproduc- 
tion is also apparent from the intercor- 
relations of totalled scores shown in 
Table II. In this table the correla- 
tions between the data secured with 
the different methods are presented. 
For each method the scores from all 


TABLE II 


INTERCORRELATIONS OF THE TOTALLED Scores 
FoR THE Turee Dirrerent Metuops 


Verbal Operative 
Estimation Estimation 


Reproduction . 
Verbal O 


Estimation R 


three intervals, both filled and un- 
filled, are totalled. This total score 
is correlated for the O and the R test 
separately for each method. 

Where Reproduction is involved 
there is a striking difference between 
correlations on the O and on the R 
test. The correlations between the 
two forms of Estimation are much 
more consistent, higher and negative. 
The tendency is toward negative cor- 
relation between Reproduction and 
Verbal Estimation, and toward posi- 
tive correlation between Reproduc- 
tion and Operative Estimation. 


Discussion 


It seems evident from the results 
that the task of Reproduction involves 
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a different underlying function than do 
Verbal and Operative Estimation, 
since the intercorrelations between 
the subtests have a much wider range, 
and since the subtests show markedly 
less reliability than is the case for the 
two other methods. The Reproduc- 
tion task is independent of any rela- 
tion of personal time to objective time. 
If an interval of 15 sec. is presented to 
a subject, he may be able to reproduce 
it fairly accurately regardless of what 
his verbal estimation of the interval 
would be. It could be called § sec. or 
50 sec., but the reproduction would 
still be accurate as long as he is con- 
sistent in his judgment from dem- 
onstration to reproduction. The 
Method of Reproduction produces 
average judgments that are closer 
to the stimulus interval than is the 
case in either of the other two meth- 
ods. In spite of this fact, Reproduc- 
tion shows more instability in the 
intercorrelations between the subtests 
than do the other two methods. This 
indicates that Reproduction measures 
a function of less uniform character 
than do Verbal or Operative Estima- 
tion, and for this reason the latter 
methods are to be preferred to the 
Method of Reproduction. 

It is difficult to understand this dif- 
ference between Reproduction and the 
other two methods. It might be that 
attention is more easily interfered with 
if the subject has to concentrate first 
on the demonstration and then on the 
reproduction, as is the case in the Re- 
production Method, whereas Verbal 
Estimation and Operative Estimation 
require attention only for the stimulus 
interval or the response interval. 

In contrast to Reproduction, the 
Methods of Verbal and Operative Esti- 
mation deal with the relation of per- 
sonal time to clock time. If his per- 
sonal time moves rapidly, he would by 
Verbal Estimation name a demon- 
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strated interval to be longer than its 
clock value, but by Operative Estima- 
tion keep the key down for a shorter 
interval then required. This differ- 
ence between the two methods is indi- 
cated by the negative correlation be- 
tween the results for the tasks. We 
do not know, however, how justified 
we are in placing emphasis on personal 
time, whether there is a general tend- 
ency in a person to experience passage 
of time as ‘slow’ or ‘fast.’ 

The intercorrelations of the subtests 
for the two methods of Estimation 
show that the functions measured are 
relatively circumscribed and are inde- 
pendent of the length of the stimulus 
interval. The correlation between 
the two tasks is sufficiently high to in- 
dicate an inverse relation between the 
two, and we may be satisfied with data 
from one method in future experimen- 
tation. The Method of Operative 
Estimation is to be preferred, since it 
gives somewhat more accurate judg- 
ments with less scattering of scores, 
and eliminates the tendency toward 
verbal rounding of interval judged. 

Our finding that Reproduction is 
measuring a different underlying func- 
tion than the two methods of Estima- 
tion explains the confusion that has 
existed on how to compare the results 
obtained by the different methods. 
Reproduction yields results that are 
not interchangeable with results from 
the other methods. 

With regard to the duration of the 
stimulus intervals our results are in 
general agreement with previous stud- 
ies, namely ‘' »* shorter intervals have 
a tendency to ‘e overestimated and 
longer ones to be underestimated. 
The results obtained by Verbal Esti- 
mations, however, do not follow this 
rule, as here all intervals are overesti- 
mated. In keeping with Woodrow’s 
(15) finding we observed that each 
interval for Reproduction and Opera- 
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tive Estimation was underestimated 
by some of the subjects and overesti- 
mated by others. In the group, how- 
ever, there is a distinct tendency to 
overestimate short intervals and un- 
derestimate the longer intervals. 

The neutral point between over- 
estimation and underestimation in our 
data lies between 5 and 10 sec. In 
Hoering and Vierordt’s finding it was 
below one sec., and in Johnston’s (12) 
study of normal subjects and schizo- 
phrenic patients it seems to be some- 
where between 10 and 30 sec. No ex- 
planations present themselves for this 
lack of agreement. 


Since the data on which we have based 
our conclusions have been collected from 
schizophrenic patients, it remains to be 
seen whether they also would be valid for 
normal subjects. The final answer can 
of course only be given by analysis of 
data obtained from normals. It seems 
reasonable, however, to believe that the 
fundamental difference between Repro- 
duction on one side, and Verbal and 
Operative Estimation on the other, also 
would be found in normals. It might be 
found, however, that the function meas- 
ured by Reproduction has a more uni- 
form character in normals where atten- 
tion to the task is more easily obtained. 
It also seems justified to believe that the 
two forms of Estimation would correlate 
negatively in normals as well, since they 
seem to be opposite aspects of the rela- 
tion between personal time and clock 
time. The overestimation of shorter 
intervals and underestimation of longer 
intervals have been clearly demonstrated 
in normals by other investigators. 

Future experimental investigations of 
the ability to judge short time intervals 
would probably be best conducted in 
normals also by using the Method of 
Operative Estimation. This would most 
certainly be so if one wants to obtain data 
with which the performance of schizo- 
phrenics may be compared. If the prob- 
lem is to obtain information about nor- 
mal subjects’ time-judging ability per se, 
one should avoid using the Method of 
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Reproduction until it has been demon- 
strated that the function measured by 
this method is of a more uniform char- 
acter in normals than in our schizpohrenic 
patients. Even if this should be demon- 
strated, one should remember that the 
results obtained by Reproduction and 
Operative Estimation are not inter- 
changeable. 


SUMMARY 


An attempt has been made to evalu- 
ate three different expe?imental meth- 
ods of measuring the ability to judge 
short time intervals. A group of 43 
schizophrenic patients were tested 
and retested utilizing the methods of 
Reproduction, Verbal Estimation and 
Operative Estimation. The intervals 
were of 5, 10, and 15 sec. duration, and 
they were presented both as filled and 
unfilled intervals. Some problems of 
terminological nature were discussed 
and the following conclusions were 
arrived at: 


1. The judgments were not altered 
significantly for any of the three meth- 
ods, regardless of whether the inter- 
vals were filled with the sound of a 
buzzer. 

2. By the Method of Verbal Esti- 
mation the intervals were consistently 
overestimated. 

3. By the methods of Reproduction 
and Operative Estimation the general 
tendency is to overestimate the 5-sec. 
interval and underestimate the 10- and 
1§-sec. intervals. 

4. The results obtained by the 
Method of Reproduction are less con- 
sistent and less reliable than those ob- 
tained by the two other methods, and 
seem to stem from a different under- 
lying function. 

5. The methods of Verbal Estima- 
tion and Operative Estimation can be 
regarded as measuring the same func- 
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tion inversely, since they have a high 
negative correlation. Of the three 
methods Operative Estimation is to be 
preferred. 

6. There is reason to believe for 
normal subjects also the Method of 
Operative Estimation is to be pre- 
ferred. 


(Manuscript received 
November 1, 1949) 
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A FURTHER TEST OF THE ABILITY OF RATS TO LEARN 
THE LOCATION OF FOOD WHEN MOTIVATED BY THIRST 


BY HOWARD H. KENDLER AND JOSEPH H. KANNER 


New York University 


At the 1949 meeting of the Eastern 
Psychological Association, Professor 
Robert S. Woodworth suggested one 
possible reason why Kendler and Men- 
cher (2) and Grice (1) failed to obtain 
any evidence of rats learning the loca- 
tion of an unwanted goal object.' 

These experimenters had trained 
thirsty animals in a simple T-maze hav- 
ing food and water in one end-box and 
only water in the other end-box. Fol- 
lowing a training series, during which 
time the Ss had an equal number of 
runs to both sides of the maze, the 
motivation of the Ss was shifted to 
hunger. In neither experiment did 
the Ss provide any evidence of having 
learned the location of the food, i.e., 


they responded in a chance manner on 


the first test trial. These results were 
interpreted as being inconsistent with 
the perceptual non-reinforcement po- 
sition of Leeper (3) and Tolman (4). 

Professor Woodworth suggested 
that these investigators (1, 2) may 
have tried ‘too hard’ to have their Ss 
form a perception of the location of 
food. Reasoning within his own the- 
oretical framework (essentially a per- 
ceptual-reinforcement theory), he pos- 
tulated that perceptual responses, like 
conditioned glandular and motor re- 
sponses, are capable of experimental 
extinction. He hypothesized that 
what had occurred in these experi- 
ments was that the animals had formed 
or ‘registered’ a perception of the loca- 
tion of food when thirsty; but because 
this perception was never followed by 


! Professor Woodworth’s comments were 
made during a discussion period following an 
experimental report at the 1949 meeting of the 
Eastern Psychological Association. 
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cating, it became extinguished. In 
Grice’s experiment the training series 
consisted of four trials daily for 12 
days; in Kendler and Mencher’s ex- 
periment the Ss had four trials daily 
for seven days. Professor Wood- 
worth reasoned that if the food was 
not available until the end of the train- 
ing series, then the perception of the 
location of the food, which would be 
formed following the sudden intro- 
duction of food, would not have suffi- 
cient time to become extinguished. 
One would expect, therefore, that if 
food was introduced into one of the 
goal boxes during the terminal part, 
rather than at the beginning, of the 
training series, the Ss would choose 
the side leading to food when hungry. 

The present investigation is a test 
of Professor Woodworth’s hypothesis. 


EXPERIMENTAL PROCEDURE 


The experimental procedure employed in this 
study is essentially the same as that used by 
Kendler and Mencher (2), except for the mod:- 
fications required to test Woodworth’s hypothe- 
sis. Since the procedure is described in detail 
elsewhere (2), only a brief description is presented 
here. 

The apparatus was a single-choice T-maze. 
In this study the right half was painted black 
while the left half was painted gray. In Kendler 
and Mencher’s maze the right half was painted 
white and a decided preference for the left (black) 
side was exhibited. Although the black-gray 
distinction used in this experiment reduced the 
degree of the preference, it definitely did not 
eliminate it. In each end-box was a sheet-metal 
‘table’ which was placed against the wall farth- 
est from the choice-point. The table top con- 
tained five circular holes which permitted the 
insertion of five jigger glasses. 

The Ss for this experiment were 31 naive male 
albino rats (approximately 80 days old) of the 
Wistar strain, purchased from the Albino Farms, 
Red Bank, New Jersey. 








THIRST MOTIVATION AND FOOD LOCATION 


Following a two-day preliminary training 
period the training series was initiated. The 
training series consisted of four trials daily for 
seven days. During this time the Ss were moti- 
vated by a thirst drive based upon approximately 
224 hours of water deprivation and satiated for 
food. In both goal boxes one of the five jigger 
glasses contained water. The position of this 
glass was varied from trial to trial. Thus the 
thirsty S in his search for water would be forced 
to ‘perceive discriminatingly’ the contents of the 
glasses in each goal box. 

During the first six days of the training series 
the four remaining glasses in both goal boxes re- 
mained empty forGroupt. On the seventh day, 
food (Purina dog checkers) was placed in four of 
the glasses on one side, while the fifth glass still 
contained water. The four remaining glasses in 
the other goal box remained erapty. Thus for 
Group 1 the animals would suddenly see the food 
on the last day of their training trials. The pro- 
cedure for Group 2 was essentially similar except 
food was placed in the four glasses on one side 
during the sixth and seventh day of the training 
series. Group 1, therefore, had one day in which 
to form a cognition of the location of food while 
Group 2 had two days. 

Half of the animals in each group had equal 
experience in both end-boxes. This was ac- 
complished by having the initial run of each day 
a free choice: the second a forced trial to the side 
opposite that chosen on trial one; the third a free 
choice; while the fourth was a forced trial to the 
side opposite that chosen on trial three. At least 
15 min. elapsed between successive runs of the 
same animal. This procedure was similar to 
that used by the previous investigators (1, 2) to 
equate the experience of their animals with the 
content of both goal boxes. 

Perhaps the use of the forced trials in some 
manner interfered with the development of ade- 
quate cognitions. In order to test for this possi- 
bility, the remaining ‘:ulf of each group had free 
choices on all of their trials. Massed practice 
was used to induce as much spontaneous alterna- 
tion as possible. 

The rats with a ‘free, forced, free, forced’ 
routine will be designated by F while the animals 
subjected to mass practice will be designated by 
M. The four experimental groups, therefore, 
are as follows: Groups 1F, 1M, 2F, 2M. The 
number refers to the number of days food was 
present in the maze, while the letter refers to the 
manner in which the trials were given. 

The Ss were allowed to drink the water for 
five sec. in either goal box. Unlike the tech- 
nique used by Kendler and Mencher, no food 
was placed, at any time, behind either of the goal 
boxes. 

The test series consisted of four daily free 
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choice trials for five successive days, beginning 
on the day following the last day of the training 
series. At least 15 min. intervened between suc- 
cessive trials during the test series. 

The motivation of the animals during the test 
series was hunger (224 hours of food deprivation). 
They were satiated for water. 

Just prior to the test series the Ss of the vari- 
ous groups were divided into four sub-groups; 
the constant and the switched group. For the 
constant group all the containers on the side 
which had the four glasses with food during the 
terminal part of the training series contained 
Purina dog checkers during the test series. For 
the switched Ss, food was placed on the side op- 
posite to the one containing food during the latter 
part of the training series. 

The S’s choice was final, once it passed either 
of the doors on both sides of the choice point. If 
it went to the side which contained food it was 
permitted to eat for 20 sec. If it made an incor- 
rect response, it was kept in the goal box with 
the empty glasses for an equivalent period of 
time. 

The daily experimental session occurred be- 
tween 8:00 a.m. and 1:00 p.m. during the summer 
of 1949. The temperature during the experi- 
mental session was usually about 85° F. 


REsuLTs AND Discussion 


Training series 


The Ss’ behavior during the train- 
ing series was similar to that reported 


by Kendler and Mencher. In the 
goal box the typical S would look into 
one of the glasses. If the glass con- 
tained water, the S would drink. If 
not, the S would proceed to the next 
glass, and so on, until it came upon 
the water-filled glass. During the 
latter trials of the training series the 
rapidity of the rats’ discriminatory be- 
havior increased. There appeared to 
be no observable change in the Ss’ be- 
havior following their first ‘percep- 
tion’ of food during the sixth or 
seventh day of the training series. 

The effects of the massed training 
appeared to be fairly satisfactory in 
the sense that approximately half of 
the responses of groups 1M and 2M 
was to the food side. (It will be re- 
called that the Ss had four trials 
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TABLE I 


Number anp Percent or Responses or 

Various Groups on First Test Triar 

to Sipe Wuicu Lep to Foop Dvxrinc 
Latrer Part or Tratninc Series 





Number of | % of Ss Re- 

Ss Respond sponding 

ing To Food |To Food Side 
Side 


2M 
1M + 2M 





Total 











daily.) On the seventh training day, 
Group 1M had a mean of 2.43 re- 
sponses to the food side. Group 2M 
had a mean of 4.25 responses during 
the sixth and seventh training days to 
the side possessing the four glasses 
filled with food. The range of re- 
sponses for Group 1M was I to 3, 
while the range for Group 2M was 1 
to 6. 


Test series 


Table I presents the number of re- 
sponses on the first test trial to the 
side which led to food during the latter 
part of the training series. All the 
percentages fall within the area of 


TABLE II 


Tue Mean Number or Correct Responses 
Duainc Tue Test Sertes For THE 
ConsTANT AND SwircHED 

Sus~—Grovups 
Constant Switched 


Group 
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| 2.0% 
| 2.62 


1.12 














chance variation. Since the Ss chose 
the ‘food side’ 45 percent on the first 
trial of the last training day, the shift 
from the thirst to the hunger drive did 
not produce any modification in their 
choice behavior. The results, there- 
fore, fail to provide any evidence of 
the animals’ reacting appropriately to 
their new hunger drive by choosing 
the side which contained food during 
the training trials. These findings 
are in essential agreement with those 
of Kendler and Mencher (2) and 
Grice (1). 

Table II indicates the number of 
correct responses made by the con- 
stant and switched groups during the 
series of 20 test trials. One would ex- 
pect, if any perception of the food had 
been formed, that the constant group 
would have performed at a superior 
level during the test series. This ex- 
pectation was not fulfilled. Again, 
we find that the results do not support 
the assumption that any ‘cognitions’ 
of the location of food were formed 
during the training trials. Only the 
difference between the constant and 
switched animals of Group 2M was 
significant. That difference was sig- 
nificant at the five percent level. In 
view of the absence of any significant 
findings on the first test trial and for 
four of the five comparisons during 
the test series, it seems reasonable to 
assume that this difference at the five 
percent level was due to chance vari- 
ation.” 

* The performance of those ‘constant’ animals 
having two days of experience with food (Groups 
2F and 2M) was superior (at the one percent level 
of significance) during the test series to the ‘con- 
stant’ animals of Groups 1F and 1M which ex- 
perienced food for only one day. This would 
suggest that two days of ‘seeing’ food was more 
conducive to the formation of a perception than 
was one day. One would expect, therefore, that 
the ‘two day animals’ in the switched sub-groups 
would not perform as well as the ‘one day ani- 
mals.’ This was not found to be true. There 
was also no esseatial difference between the per- 








THIRST MOTIVATION AND FOOD LOCATION 


In the present investigation, the ex- 
perimental situation was arranged to 
preclude the possibility of the percep- 
tion of the location of food from being 
‘experimentally extinguished.’ No 
evidence of the Ss having learned the 
location of the food was obtained. 
The findings, therefore, do not lend 
any support to Professor Woodworth’s 
specific hypothesis as to why. both 
Kendler and Mencher (2) and Grice 
(1) failed to find any evidence of their 
animals learning the location of food 
under a ‘22 hour’ thirst drive. The 
results also suggest that the system of 
forced trials used by both Kendler and 
Mencher (2) and Grice (1) did not in- 
fluence their results. 

Although the results are not consist- 
ent with Professor Woodworth’s speci- 
fic hypothesis, care should be taken in 
their more generalized interpretation. 
They do not imply that perceptions 
may not be experimentally extin- 
guished, nor do they preclude an ade- 
quate perceptual-reinforcement for- 
mulation. 

The present authors feel that there 
is (or should we say, need be?) no 
basic qualitative difference between a 
perceptual and S-R ‘reinforcement’ 
theory. Both approaches should have 
as their goal the economical descrip- 
tion of learning phenomena. It may 
be that as a perceptual-reinforcement 
theory develops, it will be advantage- 
ous to assume that perceptions of cer- 
tain objects can only be formed when 
they are, directly or indirectly, re- 
lated to some consummatory re- 
sponses involving that object. 


SUMMARY 


The present investigation was de- 
signed to examine Professor Wood- 


formance of the two day and one day animals on 
the first test trial. 
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worth’s hypothesis as to why animals 
of both Kendler and Mencher (2) and 
Grice’s (1) studies failed to form per- 
ceptions of the location of food when 
motivated by a 22-hour thirst drive. 
Woodworth’s hypothesis was that in 
these studies the perception of food 
was formed, but had become extin- 
guished through repeated occurrences 
of seeing food without any food re- 
ward. 

This study was a modification of 
the one reported by Kendler and 
Mencher. The major change was the 
introduction of food into one of the 
end-boxes of a single-unit T-maze dur- 
ing the latter part of the training se- 
ries. Another modification was that 
a massed training technique was sub- 
stituted for a ‘forced trial’ technique 
for half of the animals. The results 
of the test series, during which the 
animals were hungry, provided no 
evidence of the animals having formed 
a perception of the location of food 
when motivated by a 22-hour thirst 
drive. 


(Manuscript received 
November 30, 1949) 
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A RE-EXAMINATION OF THE EFFECT OF MONETARY 
REWARD AND PUNISHMENT ON FIGURE-GROUND 
PERCEPTION 


BY IRVIN ROCK AND FREDERICK S. FLECK * 
The Graduate Faculty of Political and Social Science, New School for Social Research 


INTRODUCTION 


In view of the increasing interest in 
the relationship between cognitive and 
conative processes (§), it is important 
at this time to make sure that the re- 
sults of experiments reported are reli- 
able in the sense of being duplicable. 
Recently, Carter and Schooler (2) re- 
peated the now well-known experi- 
ment by Bruner and Goodman (1) in 
which rich and poor children judged 
the size of coins. Their results did 
not confirm the findings of Bruner and 
Goodman as regards perceptual dif- 
ferences between the two groups, so 
that it is now far from certain that the 
need for valued objects operates to in- 
crease their phenomenal size in direct 
perception, since otherwise the minor 
changes in procedure reported would 
not abolish the effect. 

Another well-known experiment, by 
Schafer and Murphy (4), utilized an 
ambiguous (reversible) figure-ground 
drawing as a test stimulus. Sub- 
jects were shown single faces tach- 
istoscopically many times, some of 
which were consistently rewarded and 
some consistently punished by giving 
or taking away money after every 
presentation. The Ss were simul- 
taneously told the name of each face. 
In the test situation, rewarded and 
punished faces were combined so as 
to form an ambiguous situation in 
which cither face could be seen as 


* The authors wish to express their appreci- 
ation to Professors M. Henle and H. Wallach for 
their helpful suggestions concerning the experi- 
ment and preparation of the manuscript. 
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figure, while the other presumably 
would go unnoticed as ground in the 
brief presentation. The hypothesis 
of autistic perception advanced by the 
authors held that the need to receive 
money (reward) and conversely the 
need not to lose money (punishment). 
would operate as determinants in se- 
lecting the particular figure perceived 
so that the previously rewarded one 
should be recognized more frequently 
than the previously punished one in 
the ambiguous situation. The results 
indicated a significantly greater iden- 
tification of rewarded faces than pun- 
ished faces in the first 16 test trials. 
Although 32 test trials were given to 
each S, the authors did not include the 
latter 16 trials in their statistical com- 
putation because they believed that a 
set began to operate at this point in 
the test series, thereby introducing a 
factor alien to the hypothesis being 
investigated. It has been pointed 
out, however (3), that such a proce- 
dure is statistically unjustifiable. 
Nevertheless the results obtained for 
the first 16 trials cannot be ignored. 
In order to determine if the latter re- 
sults were reliable, a repetition of the 
experiment with a larger number of 
Ss was considered necessary. 


SuBJECTS 


The Ss for the experiment were four males 
and nine females, all volunteers, ranging in age 
from 15:8 to 20:6, with an average age of 18:00. 
The youngest S was in the fifth term of high 
school and the oldest in the second year of col- 
lege. Nine of the 13 Ss served as experimental 
and four as control Ss. 








EFFECT OF REWARD AND PUNISHMENT ON PERCEPTION 


PROCEDURE 


The procedure of Schafer and Murphy (4) was 
followed as closely as possible, so that only a 
summary will be presented here. Certain minor 
changes will also be noted.! 

Training.—The training consists of 100 tach- 
istoscopic presentations, 25 of each of four differ- 
ent semi-circular profile faces (4, Fig. 1, p. 336), 
in random order. Just before each presentation, 
S is told the name of the face, and instructed to 
repeat the name aloud when the face is shown. 
He is then told to take or return the appropriate 
amount of money (either two or four cents) that 
he wins or loses. Each experimental S$ is told 
in advance that when cither one of two of the 
four faces is shown, he will receive money and 
that when either one of the remaining two faces 
is shown he will lose money. In order to create 
the impression that S in some way determines 
what face will next be shown—and, therefore, 
his reward or punishment—he is further in- 
structed to guess a number from one to four be- 
fore each face is shown. During the first eight 
trials only, the further precaution is introduced 
of pointing out to S the appropriate one of four 
drawings of the faces placed before him which 
looks like the face he will next be shown by tach- 
istoscope. The drawings were made to look like 
the training faces, but were ‘improved’ in the 
sense that they were ‘better’ faces and, therefore, 
absolutely non-reversible. 

To summarize, the procedure included the 
following steps: 1. S guesses a number from one 
to four. 2. E points to the appropriate ‘help’ 
face. 3. E announces the name of the face to 
be shown by saying, e.g., “B.” 4. The figure is 
shown tachistoscopically. 5. S repeats the 
name of the face—e.g., “B.” 6. E indicates the 
amount of money won or lost—e.g., “You win 
two cents,” and remits. Step 2 is eliminated 
after the eighth trial of the training series. 

After the soth trial, a five-min. rest period is 
introduced. After the 8oth trial, the S is told 
that during the remaining presentations new and 
unfamiliar faces might be shown in order to see 
if he has learned the faces and their names and 
that he will be penalized 10 cents if he does not 
say “wrong” when the £ announces such a face 
with the name of one of the four training faces. 
Actually, only one such face is introduced after 
the 93rd trial and was sufficiently different from 
the training faces to be unmistakable if the S 
really knew the faces by that time. Whereas 
Schafer and Murphy report that all Ss immedi- 
ately recognized this figure as strange (and pre- 


1A copy of the full procedure, including in- 
structions to Ss, used in the present experiment 
is available on request from the authors. 
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sumably did not respond with “strange” to any 
of the other faces after the 8oth trial), one of our 
Ss incorrectly répeated “B” when shown the new 
face. In addition, most of our Ss said “strange” 
to several of the training faces after the 8oth 
trial. The latter Ss were not penalized 10 cents 
and no reward or punishment was announced in 
such instances. The S who called the new face 
“B,” was, however, penalized 10 cents. 

The distribution of the rewarded and pun- 
ished faces for the different Ss was as follows: of 
the nine experimental Ss, five were rewarded 
when shown Face A and Face D, and punished 
when shown Face Band C. ‘The remaining four 
Ss were rewarded when shown Face B and Face 
C and punished when shown Face A and Face D.* 
(Face A—right-pointing—and B—left-pointing 
—comprised the A~B ambiguous situation; Face 
C—right-pointing—and D—left-pointing com- 
prised the C-D ambiguous situation). This 
distribution was intended to control the possible 
influence of structural and positional differences. 

The procedure is the same in all respects for 
the control group except that all reference to re- 
ward and punishment is eliminated. 

Post-training.—The post-training series fol- 
lows after a five-min. rest period. It consists of 
32 tachistoscopic presentations, 16 of each of two 
ambiguous (reversible) figure-ground drawings 
(4, Fig. 2, p. 337) in random order. Each ambig- 
uous situation consists of one previously re- 
warded and one previously punished training 
face merged within a full circle so as to share the 
same contour. The S is instructed to respond 
with the correct name of the face he sees or, since 
he was told that some of the faces to be presented 
would be strange, to say “X” if he does not rec- 
ognize a face as one of the four shown previously. 
After every presentation of an ambiguous test 
figure, either one or the other of two new figures 
is shown, depending upon S’s previous response. 
Each of these figures (4, Fig. 3, p. 338, here called 
E and F) resembles the ambiguous test figures in 
that it contains a profile line within a circle, but 
differs from them in that it contains only one 
‘good’ face. If the S’s previous response is a 
left-pointing training face, then it is followed by 
the new face which is necessarily right-pointing 
(E), and vice versa. This precaution was intro- 
duced in order to prevent the development of any 
kind of direction set in the post-training series. 
Since one or the other of the new figures followed 
every presentation of an ambiguous test figure 


® Actually only six of the nine experimental-Ss 
learned the names of the faces, so that the results 
of the other three Ss were not included in the 


statistical comparison. Of these six Ss, an equal 
number were rewarded to Faces A and D and to 
B and C. 
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except the last, there was a total of 63 post-train- 
ing trials consisting of 16 of each of the two am- 
biguous figures and 31 new or ‘set-breaking’ 
figures. The procedure for the post-training se- 
ries is the same for experimental and control 
groups. 

In the present experiment, certain minor 
changes or additions in procedure were introduced 
as follows? 


1. In order to alleviate feelings of nervous- 
ness, the Ss were put at ease at the outset by ex- 
plaining that this was not to be a test of any kind. 

2. Instructions to Ss were always read twice 
in order to insure full understanding of their 
task. 

3. The experimental Ss were given their ‘win- 
nings’ directly after the end of the training series. 

4. In order to facilitate learning and to elim- 
inate possible affective connotations of familiar 
names, the letter names A, B, C, and D were 
used as the names of the four training faces. 

5. In the post-training series, S was given the 
additional alternatives of responding with a 
question-mark if he felt he had no idea what face 
he had been shown, or of responding with a face 
name or “X” plus a question-mark if he thought 
he knew but wasn’t really certain. As it turned 
out, most Ss either forgot the instructions re- 
garding the use of the question-mark or pre- 
ferred to guess without indicating they were 
guessing. ‘That this was the case is clear since 
very few question-mark responses were given 
despite the fact that the Ss’ behavior and subse- 
quent admissions indicated that very frequently 
they were quite uncertain of what they had seen. 

6. Certain difficulties developed with the pro- 
cedure described above of following each am- 
biguous situation with a ‘set-breaking’ figure. 
Many Ss called A-B or C-D figures “X.” 
Consequently, since it was not clear whether the 
S saw the left or right profile as a strange face, 
is was not certain whether then to show the E or 
F ‘set-breaking’ figure. After such cases, an 
attempt was made to equalize the number of E 
and F figures shown. Occasionally, an S called 
an A-B figure C or D or a C-D figure A or B. 
In such cases it was assumed that the face seen 
was correctly localized so that, e.g., a “C” re- 
sponse to an A~B figure was followed by the F 
figure since C faced to the right and F to the left. 
It also frequently happened that an S called the 
E or F figure A, B, C, or D. 

7. In order to determine whether or not the 
Ss had actually learned the names of the four 

+ In some instances it is not certain whether 
these were actually modifications, since the de- 
scription of the procedure employed by Schafer 
and Murphy is not explicit on all points. 
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training faces, a learning test was introduced 
after the experiment proper was over. It con- 
sisted of showing the single faces again—with ap- 
propriate instructions—until S achieved 10 con- 
secutive errorless trials or until it was clear that 
S did not know the correct name of each of the 
four faces. Schafer and Murphy did not em- 
ploy any such independent test of learning be- 
yond the single catch test trial described above, 
presumably assuming that if an S had not 
learned the names of the faces during training 
it would be revealed by his responses during the 
post-training series. 

8. A post-experimental interview was in- 
cluded in the present experiment consisting of a 
series of questions concerning S’s experiences dur- 
ing the training and post-training series, particu- 
larly as regards his reaction to the monetary 
reward and punishment, the operation of prefer- 
ences if any, and his awareness or lack of aware- 
ness of more than one face in the reversible test 
figures. 

g. In the present experiment the tachisto- 
scope consisted of a shutter set for a }-sec, ex- 
posure mounted in front of an opaque projector 
behind and slightly to one side of S. (Schafer 
and Murphy used a Whipple tachistoscope also 
set for a $-sec. exposure. Their figures were 
two to three in. in diameter at a distance of about 
18 in. from the S.‘) The projector cast an image 
12 in. in diameter. S was seated at a distance of 
approximately 54 in. from a white paper screen 
mounted on the wall. Half of the Ss sat slightly 
to the left and half slightly to the right of the 
screen. 


RESULTS 


Experimental group.—Only six of 


the nine experimental Ss demon- 
strated by 10 consecutive errorless 
trials in the final test of learning that 
they could correctly identify each of 
the four training faces by name. 
Since the only criterion of what an S 
perceives in the test series with am- 
biguous figures is the name he an- 
nounces, one cannot tell what he is 
perceiving in that situation if he does 
not know the correct name for each 
face. Consequently, only the results 
for the six Ss who did learn the names 
of the faces will be considered. The 
fact, however, that three of the nine 


* These data were supplied in a personal com- 
munication by Dr. Schafer. 
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experimental Ss and one of the four 
control Ss failed to learn the names of 
the faces is, in itself, of interest, since 
Schafer and Murphy do not report 
any such cases. 

The results for the six Ss are given 


in Table I. The responses to the am- 
biguous A-B or C-D figures are in- 
dicated in terms of the number of 
times each S responded with the name 
of a previously rewarded face (R, 
column 3) and with the name of a 
previously punished face (P, column 
4). Column § indicates the number 
of times each S called the A-B or 
C-D figure strange (X). Such re- 
sponses are, of course, wrong. Col- 
umn 6 shows the number of times each 
S responded to the A-B or C-D figures 
with a question mark. Column 7 
gives the total number of incorrect 
responses (M = mistakes) to the A-B 
and C-D figures excluding X_ re- 
sponses. Thus, responses of A or B 
to the C-D figure and C or D to the 


*In those few cases where the S gave an A, 
B, C, D, or X response plus a question mark it 
was tallied as A, B, C, D, or X, respectively. 
Thus “C?” was counted as a C response for the 
trial in question. 


A-B figure are included. In column 
8 the total number of responses is pre- 
sented. The next three columns in- 
dicate the distribution of X, M, and ? 
responses, respectively, for the E and 
F figures. This information is in- 
cluded here in order to give the full 
picture of how each S responded to 
the entire 63 test trials. An X re- 
sponse here is, of course, correct. An 
M response implies that the S called 
the E or F figure A, B, C, or D. The 
next to the last two columns summar- 
ize the foregoing data in terms of total 
number of correct responses as against 
the total number of incorrect plus 
question-mark responses for all 63 
trials. The total number of correct 
responses is derived by adding the 
number of R and P responses to the 
ambiguous figures to the number of 
X responses to the E and F figures. 
All other responses are not correct. 
These figures, although not immedi- 
ately relevant to the main result of 
R vs. P responses, are included be- 
cause they point up the fact that al- 
though all six Ss had learned the names 
of the faces, there nevertheless re- 
mained a great deal of uncertainty, 
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confusion and guesswork in the post- 
training test series. By consulting 
the last row of sums it is seen that of 
a total of 378 trials, 121 or roughly 
one third of all the responses were in- 
correct. This result in itself is in 
striking contrast to the results of 
Schafer and Murphy where very few 
incorrect responses were given, al- 
though these authors do not indicate 
what the responses were to the ‘set- 
breaking’ figures. 

As is indicated in Table I, for the 
two amibguous figures there was a 
total of 70 responses of names of faces 
previously rewarded as against a total 
of 64 responses of names of faces pre- 
viously punished. The x? for this 
difference is .268 and P < .7. Hence, 
unlike the findings of Schafer and 
Murphy, our data indicate no reliable 
difference between the number of re- 
warded and punished faces perceived 
in the ambiguous figures. Analysis 
of the results for the different Ss re- 
veals that three of the six Ss perceived 
more punished than rewarded faces 
and three perceived more rewarded 
than punished faces. Thus, there is 
not any consistent trend in our data to 
support the conclusions of the previ- 
ous authors. 
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A comparison of the two ambiguous 
situations, considered separately, is 
presentedin Table II. As is indicated 
in the bottom row of sums, in the 
A-B situation, a total of 23 rewarded 
faces and 40 punished faces was per- 
ceived. The x? for this difference is 
4-6 and P <.05. Thus, there is a 
significantly greater tendency to see 
punished as against rewarded faces 
in the A-B ambiguous situation. On 
the other hand, a total of 47 rewarded 
faces and 24 punished faces was per- 
ceived in the C-D situation. The x? 
for this difference is 7.4 and P < .o1. 
Hence, there is a significantly greater 
tendency to see rewarded as against 
punished faces in the C-D ambiguous 
situation. Since the results for the 
two situations, considered separately, 
point in opposite directions, such frac- 
tionation certainly does not support 
the over-all thesis of autistic percep- 
tion of previously rewarded figures. 
This result is again quite different 
from that reported by Schafer and 
Murphy where both the A-B and 
C-D situations showed a superiority 
of rewarded over punished faces per- 
ceived. On the other hand, the fact 
that in our data both sets of differ- 
ences were significant, requires some 
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explanation. In examining the indi- 
vidual results for both situations com- 
bined (Table I), it appears that, al- 
though the total number of rewarded 
and punished faces perceived is about 
equal, this total derives from highly 
unequal distributions for each S. 


Thus, e.g., Josephine perceived 14 


rewarded and 2 punished faces, Lois 
16 punished and 7 rewarded faces, 
etc. Pursuing this analysis further, 
one finds that such disparities for 
each S derive from the particular dom- 
inance of response of either one re- 
warded face or one punished face. 
Thus, of Josephine’s 14 responses to 
rewarded faces, 11 were to Face D 
and only 3 to Face A; of Lois’ 16 re- 
sponses to punished faces, 15 were to 
Face B and only 1 to Face C (see 
Table Il). Hence, it is suggested that 
the significant differences found by 
comparing rewarded to punished re- 
sponses in the A-B and C-D situ- 
ations separately are, in a way, arti- 
facts, resulting from the greater dom- 
inance of the punished face for several 
Ss in the A-B situation and of the re- 
warded face for several Ss in the C-D 
situation. The fact of such response- 
dominance is discussed further in the 
following section. 





The results for the first 16 trials con- 
sidered alone are presented in Table 
III. As is indicated in the bottom 
row of sums, 34 responses of rewarded 
faces and 32 of punished faces were 
given to the A-B and C-D ambiguous 
situations during the first 16 presenta- 
tions of these figures. The x? for the 
difference is .06 and P < .8. Hence, 
according to the present data, re- 
gardless of whether some kind of set 
or perseverating tendency developed 
after the 16th trial, the hypothesis of 
autistic perception of previously re- 
warded faces is not confirmed by the 
results of the first 16 trials. Further- 
more, of the six Ss, the same three who 
gave more ‘punished’ than ‘rewarded’ 
responses for the entire series gave 
more ‘punished’ than ‘rewarded’ re- 
sponses for the first 16 ambiguous 
presentations. 

Control group.—In view of the pos- 
sibility of competition between struc- 
tural and conative influences, the use 
of control Ss who are neither rewarded 
nor punished in the training period be- 
comes important. Schafer and Mur- 
phy included one control S but did not 
report the results obtained. Of the 
four control Ss included in the present 
study, only three demonstrated that 
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they had learned the names of the 
faces in the final test. Table IV 
gives the results for these three Ss in 
terms of the number of correct A and 
B responses to the A-B figure and the 
number of correct C and D responses 
to the C-D figure. Also given are 
the total number of strange (X), ques- 
tion-mark (?), and incorrect (M) re- 
sponses to the A-B and C-D situ- 
ations, as well as the breakdown of 
responses to the E and F figures, as in 
Table I. The total number of correct 
as against incorrect plus question- 
mark responses to all 63 trials is given 
in the next to the last two columns. 
As is indicated in the bottom row of 
sums, there was a total of 18 ‘A’ and 
3 ‘B’ responses to the A-B situation, 
17 ‘C’ and 6 ‘D’ responses to the 
C-D situation. These figures are, of 
course, too small to draw any reliable 
inferences concerning structural dif- 
ferences. It may be noted, however, 
that two of these three Ss gave a pre- 
ponderance of responses to one of the 
two faces in one ambiguous situation, 
namely Helen with 14 C to 2 D re- 
sponses and Marie with 12 A to 3 B 
responses. 

Of the total of 189 responses given 
by the three control Ss to the 63 
trials, 87 were correct and 102 were 


either incorrect or question-mark re- 
sponses. Thus, for the control Ss 
more than half of all the responses in 
the test situation were not correct de- 
spite the fact that these Ss shortly 
thereafter demonstrated by 10 con- 
secutive errorless trials that they did 
know the correct name for each face. 


Interview.—By including an interview 
in preliminary experiments, certain facts 
emerged which otherwise would not have 
been ascertained. For example, several 
Ss reported having immediately seen 
both faces—or at least two faces—in many 
of the ambiguous presentations, while 
nevertheless responding with the name 
of only one face.* Such a fact is impor- 
tant because it indicates that the verbal 
response need not always accurately de- 
scribe the percept. 

The data obtained from the post-ex- 
perimental interviews can be summar- 
ized as follows: Only one of the six ex- 
perimental Ss (Michael) actually experi- 
enced ‘winning’ and ‘losing’ money with 
any degree of involvement. All other 
Ss claimed that the money meant noth- 
ing to them but instead that they were 
anxious to “do well” and to learn what 
they were supposed to learn. Some Ss 


"© This only occurred once for one S and several 
times for another S in the experiment proper. 
The reason for this difference, it is believed, is 


that a more accurate timing device was intro- 
duced. 





EFFECT OF REWARD AND PUNISHMENT ON PERCEPTION 


were actually insulted by the use of 
money as a reward and punishment and 
refused to take their ‘winnings’ after- 
ward until the Zs insisted. Thus, ¢.g., 
one S in answer to the question “How 
did you feel about the money?” said, “It 
didn’t make any difference, I just kept 
pushing it back and forth.” Another § 
said, “I was indifferent to it.” When 
pressed further, he added: “Naturally 
everyone prefers to win, but in this case 
it didn’t mean anything.” Another § 
said: “Yes, I wanted to figure out why I 
won it, not for the money itself but to get 
the formula of the numbers. The money 
didn’t mean anything. I was more inter- 
ested in the facts behind it than the 
money itself.” 

The one S who apparently was in- 
volved with the money gave 21 ‘re- 
warded’ and 9 ‘punished’ responses to 
the A-B and C-D ambiguous situations 
in the post-training series. Thus, it is 
possible that for this S the greater num- 
ber of ‘rewarded’ as against ‘punished’ 
responses given to the ambiguous situ- 
ations can be attributed to the selective 
influence of prior reward and punish- 
ment. On the other hand, during the 
interview he reported that during the 
post-training series he saw two faces on 
several occasions. He then went on to 
say: 


I think I decided on one of the two at the be- 
ginning. Then when the same picture was 
flashed again, I gave that same answer, whether 
initially I was wrong or right. I had no better 
way of identifying them. I found it difficult to 
see them when in a complete circle. 


In the case of all other experimental 
Ss, however, there is reason to doubt that 
the intended situation of reward and 
punishment existed. Not only did these 
Ss deny having experienced any reward 
or punishment but four Ss did not know 
which faces had been rewarded and which 
punished. One S knew which was which 
for one ambiguous situation but not for 
theother. Furthermore, the four Ss who 
did not know which faces were rewarded 
and which punished did not even believe 
that certain faces were always rewarded 
and certain faces a/ways punished. This 
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is understandable in view of the fact that 
they were preoccupied during the learn- 
ing series with learning the names of the 
faces and with trying to figure out the 
‘system’ behind the number-guessing 
procedure. They did not attend to the 
relationship between a particular face 
and the fact that it was rewarded or 
punished. In view of these facts, if the 
reward and punishment were at all 
factors in creating differential attitudes 
towards the faces, they must have oper- 
ated on a mechanical and nonconscious 
level. 

Each experimental S voiced a particu- 
lar preference or dislike for one or more- 
of the faces. With the exception of 
Michael and Josephine, however, there 
is no clear relationship present between 
indicated preference and number of cor- 
responding responses to the ambiguous 
situation. There is, however, for some 
Ss, a relationship between such stated 
preferences and the total number of 
times that particular face was given as a 
response—correctly or incorrectly—dur- 
ing all 63 trials. Joel, ¢.g., who said he 
preferred B, called every F Figure “B” 
throughout the series. In fact, an S's 
indication of a preference may very well 
be the result of recalling his own re- 
sponses during the post-training series. 
If this is true then such stated prefer- 
ences are of little interpretive value since 
they would be more the result of, rather 
than a cause of, S’s own responses. 

There was only one case where any- 
thing like a volitional effort or expecta- 
tion operated to influence the perceptual 
‘selection,’ according to the interview- 
protocols. This was where the § (Lois) 
maintained that she always looked for 
faces looking towards the left. This 
contention is borne out by her results, 
since she saw B 1¢ times and D six times 
whereas A and C were seen only once 
each. 


Discussion 


The results of this experiment do 
not substantiate the previous findings 
of Schafer and Murphy (4) that differ- 
ential monetary reward and punish- 
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ment influence the perception of faces 
in a reversible figure-ground situation. 
An analysis of the quantitative and 
qualitative data obtained suggests 
several reasons for the present find- 
ings, involving certain weaknesses and 
previously undetected aspects of the 
procedure followed. 


1. There is reason to doubt that the 
monetary reward and punishment suc- 
ceeded in establishing the intended at- 
titudes towards the different faces. 
It is possible, of course, that such at- 
titudes were created without S being 
aware of it, so that it is difficult to 
demonstrate conclusively whether or 
not this prerequisite condition actu- 
ally existed in both the original experi- 
ment and the present repetition of it. 

2. Even if such attitudes towards 
rewarded and punished faces were suc- 
cessfully induced in training, however, 
or if it would be possible so to change 
the procedure that they would be in- 
duced, a purely statistical considera- 
tion of results is apt to be misleading. 
It was pointed out, e.g., that there was 
a considerable degree of uncertainty 
and confusion in the post-experimen- 
tal test series, as is indicated by the 
large number of incorrect responses. 
Why should this be the case for Ss who 
subsequently demonstrate that they 
can correctly identify the four faces? 
The answer is, the authors believe, 
that the ambiguous figure containing 
the two faces is, as a whole, phe- 
nomenally something quite different 
from either one of these faces pre- 
sented alone. Although most Ss did 
not perceive the two faces in the short 
exposure, still, the full circle with its 
dividing profile line is qualitatively 
different from the single closed figure 
of a face. The protocols of several 
Ss support this contention. Thus, 
e.g., Michael, as noted above, claimed 
he found it difficult to see the face 
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when it wasinacomplete circle. Joel, 
in describing his preference for Face 
A said: “I could see it more easily, 
but in the full circle, I didn’t recog- 
nize it frequently.” Another S re- 
ferred to the “jumbled up” appearance 
of the ambiguous figures. The most 
conclusive evidence on this point, 
however, came from the reaction of 
several Ss when E was explaining the 
purpose of the experiment after it was 
over. At that time, when S was 
shown that two training faces were 
both present in the ambiguous figure, 
many Ss denied that they looked the 
same as the single faces even though 
they were both present for direct com- 
parison. The reader can get some 
idea of such differences by comparing 
the single faces used in the training 
series with the faces in the ambiguous 
situations (4, Figs. 1 and 2, pp. 336, 
337). Tachistoscopic presentation 
probably increases such phenomenal 
differences. 

Another source of the difficulty in 
correctly identifying faces in the post- 
training series is the introduction of 
the two new faces, E and F. It will 
be recalled that in the training series, 
the mere instructions that new faces 
might be shown (after the 8oth trial) 
resulted in quite a few incorrect re- 
sponses of “strange”’ to the A, B, C, 
and D faces. 

3. These facts, in turn, are related to 
another aspect of the results, namely 
the effect of the sequence of trials in 
the post-training test series. If the 
interpretation given above is correct, 
then the post-training series repre- 
sents a situation where the previous 
learning is not necessarily immediately 
helpful. The relatively new appear- 
ance of all faces in the ambiguous set- 
ting implies that S is not at all certain 
of what is being presented. A certain 
amount of guesswork is therefore in- 
volved at the outset for many Ss. 
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After a while, however, all of the am- 
biguous and ‘set-breaking’ figures have 
been presented, so that S can compare 
one with another from memory and 
arrive at a decision. The new global 
impression of the A-B Figure is cer- 
tainly different from that of the C-D, 
E, or F Figures, so that, in a sense, a 
new process of discriminative learning 
is going on in this series. Once deci- 
sions are reached as to how each figure 
is to be identified, the S usually sticks 
to them for quite a number of trials, 
or, in some cases, for the remainder 
of the series even though he realizes 
he may be wrong throughout. There 
is, in other words, a certain consistency 
which develops in responding to a 
situation where there is no check on 
correctness or incorrectness after each 
trial. The writers suggest that this 
explanation accounts for the develop- 
ment of what Schafer and Murphy 
called a ‘set.’ If this explanation is 
correct, then one must be cautious 
about statistical interpretations of 
the quantitative results of the post- 
training series. Differential total 
scores would then not necessarily im- 
ply so and so many recognitions of one 
face vs. another, but rather consistent 
application of decisions as to which 
previously learned face most resembles 
which new global presentation. For 
this reason, a better, though practi- 
cally infeasible, procedure would be to 
give, say, 100 Ss each one trial with 
each ambiguous situation in order to 
avoid the contaminating effect of 
early presentations of ambiguous fig- 
ures upon subsequent ones. Of course 
such a procedure would not eliminate 
the other difficulties with this experi- 
ment. 


The evidence supporting the above 
interpretation derives from: (1) the great 
number of errors—including consistently 
made errors—in the post-training series 
in the light of the subsequently demon- 
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strated ability to distinguish the single 
faces when presented alone; (2) intro- 
spective reports of Ss and like observa- 
tions by the two Es indicating the phe- 
nomenal difference between faces seen in 
the two situations; (3) initial uncer- 
tainty in the post-training series indi- 
cated by delayed response, variations in 
responses, etc., followed by seemingly in- 
creased certainty and increased consist- 
ency of responses to each figure; (4) 
introspective reports by some Ss con- 
firming the interpretation of an attempt 
at consistency after an initial period of 
uncertainty. The process, in many 
cases, may have been somewhat as fol- 
lows: At first, when, e.g., the A-B Figure 
is presented, § may, within the new 
global impression, perceive Face A look- 
ing towards the right. If he calls this 
figure “A,” he may nevertheless have 
doubts as to its identity with the A figure 
he had learned previously. The next 
time the A-B figure is shown, the global 
impression is now somewhat familiar, and 
is associated with the idea of “A, facing 
right,” derived from the previous trial 
with A-B, and so on. Furthermore, in 
the interim, he has seen other figures 
which he tentatively identifies as, e.g., 
“C” or “X,” so that the comparison sup- 
ports his initial assumption about “A.” 


, Although the initial ‘selection’ of one or 


the other of the two faces in an ambigu- 
ous figure may be determined by prior 
reward or punishment, there is no evi- 
dence of this in the results of this experi- 
ment. Certainly other factors also play 
a role in such determination. Once such 
a ‘selection’ is made, however, it tends to 
remain dominant for the reasons sug- 
gested above. 


There were exceptions to this trend 
towards consistency of response to a 


given figure. Often an S would 
change his response to a figure after 
having responded several times in suc- 
cession previously with one face-name. 
If this happened, it was apt to affect 
his responses to the other figures in 
order to avoid obvious self-contradic- 
tion. This is actually another kind of 











776 


consistency and again points up the 
fact that the response on one trial 
very much influenced responses on 
subsequent trials. There were, how- 
ever, a great many other responses 
and sequences of responses which can- 
not be explained as instances of an 
attempt to be consistent following ini- 
tial or subsequent decisions regarding 
the identification of the different 
faces. Many of these responses were 
no doubt instances of spontaneous 
figure-ground reversal. 

It is regrettable that only the re- 
sults for six experimental and three 
control Ss of the total of 13 Ss initi- 
ally participating, could be included 
in the data examined. It would be 
particularly valuable in any further 
experimentation of this type to use a 
larger number of control Ss in order 
to determine the relative influence of 
structural differences between faces. 


SUMMARY 


An experiment devised to test the 
hypothesis of autistic influence on 
figure-ground perception was repeated 
with nine experimental and four con- 
trol Ss. The results can be summar- 
ized as follows: 


1. Only six of the nine experimental 
Ss and three of the four control Ss 
actually learned the names of the 
training faces. 

2. There was no significant differ- 
ence between the total number of pre- 
viously rewarded and of previously 
punished faces correctly identified in 
the ambiguous situations for the six 
experimental Ss. There were sig- 
nificant differences between the num- 
ber of previously rewarded and pre- 
viously punished faces correctly iden- 
tified in each of the two ambiguous 
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situations considered separately, but 
the differences were in opposite di- 
rections for the two situations. The 
difference between rewarded and pun- 
ished faces identified was not signifi- 
cant for the results of the first half of 
the series of ambiguous figures con- 
sidered alone. 

3. A considerable number of mis- 
takes was made in identifying the 
ambiguous figures. 

4. Most Ss indicated that they did 
not experience the monetary reward 
and punishment as rewarding or pun- 
ishing. Several Ss did not know 
which faces had been rewarded and 
which punished. 

5. Evidence was cited to the effect 
that the faces composing the ambigu- 
ous figures appeared phenomenally 
different from the single faces when 
seen separately. It was suggested 
that this fact creates a condition of un- 
certainty during the series of ambigu- 
ous figures so that new learning pro- 
cesses are involved. The latter dis- 
turb the purity of this series as a test 
of differential figure-ground percep- 
tion. 


(Manuscript received for immediate 
publication October 2, 1950) 
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ACQUISITION OF MOTOR SKILL: III. EFFECTS OF 
INITIALLY DISTRIBUTED PRACTICE ON 
ROTARY PURSUIT PERFORMANCE! 

BY ROBERT B. AMMONS 
University of Louisville 


This paper is the third in a series of 
systematic studies of major variables in- 
fluencing skills acquisition and perform- 
ance (1,2). In the first paper (1), a set 
of variables was operationally defined in 
terms of the skills performance curve, a 
tentative formulation made of a miniature 
system guessing at some of the relation- 
ships between these variables, and pre- 
dictions made as to the outcomes of cer- 
tain further experiments. In the second 
paper (2), a study was reported which 
showed the effects of the duration of an 
initial practice period and a single rest 
of variable length on subsequent rotary 
pursuit performance. 

The key constructs used were femp- 
orary work decrement (Dyw:), warm-up 
decrement (Dex), and permanent work 
decrement (Dw,). They were defined 
roughly as follows. Dy, is the amount 
the performance curve is depressed by 
factors which disappear over a rest. It 
is measured by introducing a rest of suf. 
ficient length to allow recovery from these 
temporarily depressing factors (10 or 
more min. in rotary pursuit), then com- 
paring the post-rest performance cor- 
rected for D,, with that of a group given 
no rest. The difference in favor of the 
rest group at the start of post-rest prac- 
tice is considered to be the amount of 
Dwi, i.e., the amount the pre-rest curve 
is depressed by temporary work factors. 
Dew is the amount the performance curve 
is depressed by the need to warm up after 
arrest. It is measured as the difference 
between actual performance level, and 


1 This study was made during 1947 and 1948 
with the assistance of the Bureau of Research in 
Humanities and Social Development of the Uni- 
versity of Denver. Thanks are due Mr. Cliff 
Wing and Mr. Wilbur Hubbard, who aided in the 
collection and analysis of the data, and Dr. Dean 
Foster, who read the manuscript critically. 
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the level predicted by backward extra- 
polation of a curve fitted to a later seg- 
ment of the actual performance curve. 
Dw, is the amount the performance curve 
is depressed by relatively permanent 
work factors. It is measured as the dif- 
ference between actual performance cor- 
rected for D.. and Dw, and performance 
under optimum conditions of practice 
with respect to distribution. More de- 
tailed operational definitions of Dw, 
Dew, and Dw, can be found in the two 
previous papers. 

Investigators have reported many in- 
stances of temporary or long-range superi- 
ority in performance associated with rel- 
atively distributed as compared with 
relatively massed skills practice (3, 5, 6, 
9, 10,11). A limited attempt was made 
in the first paper of the present series to 
predict the conditions under which and 
amounts by which skills performance 
with distributed practice would exceed 
that with massed. Predictions were 
based on the following hypothesized 
properties of Dw:, Des, and Dw,y. Dwi 
cumulates additively during practice, 
but dissipates in time at a rate propor- 
tional to the amount present. Dy, is 
greater the more practice, prior to the 
current period, the longer the interpo- 
lated rest, and the fewer the times prac- 
tice has been interrupted by rests of ap- 
preciable length. Dw, is greater the 
more Dy; present and the longer it is 
present during practice. 


In a study where durations of inter- 
trial rest intervals were varied syste- 
matically for different practice groups 
during an initial practice period, the 
effects of different distributions could 
be evaluated during subsequent prac- 
tice periods where all groups practiced 
under the same condition of distribu- 
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tion. The following performance out- 
comes can be predicted from the above 
variables and their relations as postu- 
lated and empirically determined (1, 
2): 


(a) Increase in duration of inter- 
trial rest up to about five min. will 
lead to better immediate perform- 
ance. Rests of greater duration give 
more time for dissipation of Dw; be- 
tween trials. Since Dw; is almost 
completely dissipated over a five-min. 
rest (2), little or no Dy, will carry over 
from practice period to practice period 
separated by five-min. or longer rests. 

(b) Increase in duration of inter- 
trial rest will give diminishing returns 
with respect to immediate perform- 
ance, the longer the intertrial rest. 
This outcome is derived algebraically 
elsewhere (1). 

(c) Increase in duration of intertrial 
rest up to about five min. will lead to 
an increase in subsequent perform- 
ance level corrected for Dy, and Dy;. 
Less Dw, will develop, since less Dw, 
will cumulate. 

(d) Increase in duration of inter- 
trial rest will give diminishing returns 
with respect to subsequent perform- 
ance level corrected for Dy, and Dy,, 
the longer the intertrial rest. Since 
less Dw, cumulates (see Prediction b), 
less Dw, will be built up. 

(e) Increase in duration of inter- 
trial rest up to five min. will lead to 
less Duy. Longer rests give more ex- 
perience in building up set each time 
practice is resumed. Since Dy, is 
maximal (set is completely lost) over 
a five-min. rest (2), practice in rein- 
stating it should be just as effective 
over a longer rest, and more effective 
than over shorter rests. 

(f) The greater the relative or ab- 
solute loss in performance level during 
a practice period, the greater the gain 
over the following rest. Depression 
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of performance is postulated as due to 
cumulation of Dw,;. Dy; is dissipated 
over a rest. Therefore amount of 
loss during a practice period and gain 
over a subsequent rest should be 
closely correlated. 

In most respects these predictions 
could also be made from the theories 
of Hull (4) and Kimble (5) which are 
similar to the formulation used in the 
present series of papers. 


PROBLEM 


This study is designed to determine 
empirically the effects of differences 
in distribution of practice during an 
initial practice period on (a) perform- 
ance levels during this period, (b) 
warm-up decrements after a rest, and 
(c) subsequent stable performance 
levels when temporary work decre- 
ment and warm-up decrement are 
equated for all groups. The data col- 
lected should make possible the testing 
of the six hypotheses formulated in the 
introductory section of this paper on 
the basis of the two earlier papers in 
the series. 


P EXPERIMENTAL ARRANGEMENTS 


Apparatus 


Pursuit rotor apparatus like that used in the 
previous study (2) in this series was not available 
from the Air Force. A four-rotor unit was built 
as similar to this apparatus as possible in ma- 
terials and dimensions. The turntables were 
of black vinylite 10} in: in diameter with }-in. 
brass targets set with their centers 3} in. from 
the turntable centers and flush with their sur- 
faces. The styluses consisted of a handle and 
extension of }-in. brass rod and were hinged so 
that only the weight of the extension (0.6 oz.) 
rested on the turntable. The hinged sections 
were 7} in. long, with an 80 degree bend 1} in. 
from their ends. They were tipped with silver. 

When a steady physical contact was made be- 
tween stylus and target, a six-volt DC circuit 
was completed. This closed a relay which, in 
turn, closed the clutch circuit of a 6V DC Stand- 
ard Electric .co1-min. timer. Two banks of 
four timers each were used alternately in the 
circuit to permit continuous recording of scores. 
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Controls for turntable rotation and clock switch- 
ing were manual because of the complexity of 
the conditions, particularly when two or more 
groups were being run concomitantly. 

Turntables were turned by 78 r.p.m., gover- 
nor-controlled phonograph motors. ‘These were 
set to revolve clockwise at 60 r.p.m. and were 
checked at least every 40 min. of operation. 
Their speed was found to vary little over this 
period, seldom decreasing or gaining more than 
one r.p.m. Stylus tips and targets were cleaned 
approximately every 15 min. of use with crocus 
cloth and a rag impregnated with carbon tetra- 
chloride. Illumination of the rotor plates was 
indirect, and incident light was kept above 1 
foot-candles in intensity. 

Rotors were arranged so that during practice 
Ss stood in a straight line about three feet apart 
facing E. 


Subjects 


To keep the group as homogeneous as possi- 
ble, only undergraduate women college students 
were used. A total of 212 Ss were run, the re- 
cords of 28 of whom were discarcied in matching 
the means and variabilities of scores for the first 
20-sec. practice period for the seven conditions. 
In addition, four records were discarded because 
of apparatus change which affected performance 
markedly, four because Ss did not appear on time 
for practice sessions, and eight because they were 
collected with 20-sec. instead of 22-sec. trials 
during Period 1. Analyses are based on matched 
groups, with 24 Ss in each of the seven conditions. 
All Ss were volunteers who were naive to the ap- 
paratus. 


Procedure 


Ss were assigned as available to the seven 
practice conditions. No apparent bias resulted 
from this method of assignment. All practiced 
three 12-min. periods, referred to as Periods 1, 2, 
and 3. Period 1 consisted of 36 22-sec. trials, 
with performance measured only during the last 
20 sec. of each trial. A 2-sec. preliminary pe- 
riod was introduced at the start of every practice 
period in an attempt to equate conditions with 
respect to preparedness to practice. 46 20-sec. 
trials were given in Period 2 and Period 3. Thus, 
all groups had 108 20-sec. periods or a total of 36 
min. of timed practice. Prior to each resump- 
tion of practice, a warning was given; after about 
three sec. the rotors were started; then after two 
more sec. the timers were switched into the cir- 
cuit. 

The seven groups differed only with respect 
to the intertrial rests given during Period 1. 
Groups practiced with 0 sec., 20 sec., 50 sec., 2 
min., 5 min., 12 min., or approximately 24 hrs. 
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between 20-sec. trials. A given group's rests 
were all of the same duration during Period 1. 
After cessation of practice at the end of trial 36 
in Period 1, a rest of approximately 20 min. was 
given, followed by the start of Period 2 of prac- 
tice. Practice was continuous during Period 2. 
This practice was then followed by a rest period 
of approximately 24 hrs., at the end of which Ss 
practiced continuously once more in Period 3. 
Four trials a week were given the 24-hr. rest 
group, with any missed session made up on the 
fifth or sixth day of the week. 
The practice conditions can be schematized 
as follows: 
Period 1 
36 22-sec. trials. Intertrial rests of o sec., 20 
sec., $0 sec., 2 min., § min., 12 min., 
or approximately 24 hrs. 
20-min. rest 


Period 2 
36 20-sec. trials. No intertrial rests. 
24-hr. rest 


Period 3 


36 20-sec. trials. No intertrial rests. 


It can be seen that Period 1 provides systemati- 
cally different distributions of practice, while Pe- 
riods 2 and 3 equate distributions for all groups, 
to allow measurement of the effects of the initi- 
ally different distributions. 

Ss were run four at a time except in a few in- 
stances where one did not show up in time for a 
session. This happened frequently only in the 
24-hr. group where Ss came on 37 different days 
and were allowed to make up absences. Before 
the start of the first trial, Ss were instructed not 
to expect to do very well initially but to try to 
and expect to improve, to hold the stylus in a 
relaxed grip and keep its tip in contact with the 
target as much of the time as possible using an 
easy swinging movement of the arm, and not to 
press down on the stylus tip in any way. A 
tennis-type grip was demonstrated, and each 
S’s grip checked. Deviations from instructions 
during practice were corrected verbally by £. 

Directly encouraging remarks were made 
about once every 60 sec. of practice. This in- 
terval was adhered to strictly with all groups, 
since it had been noticed in preliminary work 
that Es tended to encourage distributed practice 
groups more frequently. It may be that amount 
of encouragement was still not completely con- 
trolled, since some Ss were apparently motivated 
merely by instructions to resume practice. 

Ss talked, read, or studied during the 20-sec., 
§0-sec., and 2-min. rest periods; played cards or 
read during the 5-min., 12-min., and 20-min. rest 
periods; and carried on their normal activities 
during the 24-hr. rest periods. Where rest pe- 
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riods were So sec. or longer, two or three groups 
were sometimes run at the same time, one group 
practicing during the rest periods of the other. 
Ss knew that the test had been used by the armed 
forces to measure coordination. They were 
given only very general information about their 
performance, usually that it was ‘average’ or 
‘somewhat above average.’ 


RESULTS 


Two methods of data analysis are 
used. The principal one is to plot 
group mean clock scores by 20-sec. 
trials, and fit these curves visually 
with smoothed curves corrected for 
warm-up decrement (D,,). These 
smoothed curves are then used to ob- 
tain estimates of initial and final per- 
formance levels within periods, tem- 
porary work decrement (Dw,), and 
warm-up decrement (D,,). All esti- 
mates of the effects of distribution are 
based upon the smoothed curves which 
provide more stable estimates than 
any given points on the actually ob- 
tained curves. The second, supple- 
mentary, method involves analysis of 
variance of raw scores at various 
points in practice. 

It should be noted that the scores 
are times of stylus-target electrical 
circuit completion. Wing and Am- 
mons (12) found that these scores 
were not equivalent to time on target, 
but more nearly to steady time on tar- 
get. 


General characteristics of performance 


Mean scores by 20-sec. trials for all 
groups for Periods 1, 2, and 3 are 
shown in Fig. 1. Smoothed curves 
disregarding D., are also given. All 
curves rise during Period 1, and fall 
during Periods 2and3. Performance 
at the start and finish of Period 3 is 
higher than at corresponding points in 
Period 2. The gain from Period 2 to 
Period 3 is not great. From the ini- 
tial points in practice it can be seen 
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that most of the learning took place in 
Period 1. There is less loss during 
Period 3 than Period 2, as predicted 
(1), presumably because less Dy, is 
accumulated as Ss become more pro- 
ficient. No ceiling effect is apparent, 
since even at their highest point, at 
the start of Period 3, mean scores are 
only 39 to 67 percent of the possible 
maximum. During Period 3, the 
groups maintain fairly stable posi- 
tions relative to each other, indicat- 
ing that some sort of fairly permanent 
effect has appeared. 

Although the mean scores for the 
24-hr. group are shown in Fig. 1, no 
further analysis is made of the per- 
formance of this group for several rea- 
sons. The performance was atypical 
in that initial scores were so low that 
they could not be matched with those 
of other groups, a large jog appears in 
the curve in the middle of Period 1, 
the curve wanders considerably in 
Period 2 but is generally not higher 
than the curves of other groups, and 
the curve in Period 3 suddenly is much 
higher than those for all the other 
groups. This group was run at a 
different time in the year from the 
others, and initial instructions were 
somewhat different. Practice was 
over approximately a 61-day period, 
while other groups practiced on two 
consecutive days only. 


Final performance levels in Period 1 


Fig. 2 shows the initial and final 
levels reached in all three periods, 
taken from the visually smoothed 
curves where D,, is corrected for. 
Our first concern is with performance 
levels at the end of Period 1. Best 
performance appeared with 50-sec. 
and 2-min. rests. Shorter and longer 
rests than these gave poorer perform- 
ance. These findings agree with those 
of Spence, Buxton, and Melton (10), 
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who report that Ss performed pro- 
gressively better as intertrial rests 
were increased from 0, to §, to 10, to 
Their 
That poorer 


20 sec. for different groups. 
longest rest was 20 sec. 
performance might be observed with 
longer rest periods is suggested by 


Travis’ work with the pursuit oscil- 
lator (rz). He found that Ss per- 
formed better with a 20-min. rest be- 
tween §S-min. practice periods than 
with 48-hr., 72-hr., or 120-hr. rests. 
Differences in final performance 
levels in Period 1 have been attributed 
theoretically (1) to differences in 
amounts of cumulated Dyw,, less cumu- 
lating with longer rests allowing for 
dissipation. Examination of Fig. 3A 
shows that Dw, was progressively 
greater for groups having 2-min., 
§O-sec., 20-sec. and o-sec. intertrial 
rests, as compared with the groups 
with $-min. and 12-min. rests. This 
agrees with findings in a previous 
study (2). The §5-min., and 12-min. 
intertrial rest groups apparently built 
up no Dy, during Period 1 practice. 
Since the final performance levels of 





the 50-sec. and 2-min. groups were the 
same, and were higher than those of 
the 5- and 12-min. groups, perform- 
ance level cannot be completely ac- 
counted for in terms of amounts of 
Dw, cumulated. Prediction (a) is 
only partially supported, but Predic- 
tion (b) is borne out. 

Although Dy, and performance 
level are correlated up to 50 sec. of 
intertrial rest, some factor other than 
Dw, seems to have depressed the final 
performance levels of the 2-min., 
§-min., and 12-min. groups. The 
amount of depression is progressively 
greater, the longer the intertrial rest. 
Inspection of curves showing D,, and 
Dw, as a function of distribution (Figs. 
2 and 4) indicates that changes in 
them are not directly related to this 
depression. 


Initial and final performance levels in 


Periods 2 and 3 


Fig. 2 shows the initial and final 
performance levels in Periods 2 and 3, 
as estimated from the smoothed curves 
and thus corrected for Dy. The 
initial levels can be used as indicators 
for Dw,, since Dw; as well as Dy, is 
corrected for. The final levels can 
also be used if it is assumed that ap- 
proximately the same amount of Dy, 
is built up in all groups. That this is 
approximately the case is shown in 
Fig. 3A by the curve giving Dy, at the 
end of the second period. 

All curves show optimum perform- 
ance (minimum Dy,) following an 
intermediate level of distribution. 
The best performance is by the 5o-sec. 
group at the start of Period 2, the 
20-sec. group at the end of Period 2, 
the so-sec. group at the start of Pe- 
riod 3, and the So-sec. group at the 
end of Period 3. All curves show 
poorer performance by the 5-min. and 
12-min. groups. 
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Predictions (c) and (d) state that 
Dw, will be proportionate to the 
amount of Dy, built up and how long 
it remains during practice. If per- 
formance levels at the start and finish 
of Period 3 are taken to indicate 
amount of Dy, built up during Pe- 
riod 1, Prediction (c) holds for the 
O-sec., 20-sec., and S0-sec. groups, but 
not for the 2-min., §-min., and 12-min. 
groups. Prediction (d) holds for all. 

The poorer performance of the 
longer rest groups indicates that a de- 
pressing factor may be operating, per- 
haps the same as that influencing per- 
formance levels at the end of Period 1. 
Whatever is depressing performance 
in Period 3 has an effect about as great 
as that produced by allowing no rests 
at all. The s-min. and 12-min. 
groups do not perform much better 
than the continuous practice group. 
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Temporary work decrement (Dwi) as 
affected by initial distribution of prac- 
tice 


Fig. 3A shows Dw, at the end of Pe- 
riods 1 and 2 for the various distribu- 
tion groups, measured as gain over the 
following rest. At the end of Period 
1, Dw; is increasingly less, the greater 
the distribution has been, up to §-min. 
intertrial rests. This agrees with 
findings reported previously (2) for 
gains over a single rest following con- 
tinuous practice. 

By the end of Period 2, all groups 
should have developed the same 
amount of Dy; since all had had con- 
tinuous practice following a rest long 
enough to eliminate any effects from 
Period 1. Actually, the o-sec. and 
20-sec. groups developed less than the 
others. This superiority is not re- 
lated to proficiency since the 50-sec. 
and 2-min. groups score higher than 
the o-sec. and 20-sec. groups at the 
start of Period 3. Existing theory of 
temporary work decrement (1) needs 
to be amplified. Perhaps the more 
massed groups have acquired a greater 
resistance to the subsequent develop- 
ment of Dwy. 


Warm-up decrement (Duy) as affected 
by initial distribution of practice 


Fig. 4 shows D,, at the start of 
Period 2 and Period 3. Initially in 
Period 2, there is progressively less 
Dyu, the longer the Period 1 intertrial 
rests. This bears out Prediction (e). 
By the start of Period 3, however, a 
change has taken place. There is still 
progressively less D,, for the o-sec., 
20-sec., §50-sec., 2-min., and §-min. 
groups, but the 12-min. group now 
shows more D,, than the so0-sec., 2- 
min., and §-min. groups. The o-sec., 
20-sec., §0-sec., and 2-min. groups 
show less D,, than at the start of Pe- 
riod 2, whereas now the 5-min. and 
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I2-min. groups show an appreciable 
amount. 

It may be that some sort of expect- 
ancy affects D,,, and that Ss are now 
responding to a new 12-min. practice 
period set as well as the old 20-sec. 
practice period set. The changes in 
D.. from Period 2 to Period 3 do not 
parallel levels at the end of Period 1, 
losses during Periods 2 and 3, or levels 
at the start or finish of Periods 2 and 
3. The changes in D,, from Period 
2 to Period 3 therefore are not associ- 
ated directly with whatever is depress- 
ing the performance of the 5- and 12- 
min. groups. 


Loss during practice periods as related 
to Dw: 


In Period 1, final level of perform- 
ance below optimum can be taken to 
indicate loss during the period. It 
has already been pointed out that loss 
parallels Dw, in this period for the 


O-sec., 20-sec., and 50-sec. groups, but 
not for the 5-min. and 12-min. groups 
where performance is poorer than that 
of the so-sec. group, and Dw, is much 
less. Dy, at the end of Period 2 and 
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loss during Period 2 are shown in 
Figs. 3A and 3B. For the o-sec., 
20-sec., and 50-sec. groups, greater 
loss is accompanied by greater Dw,. 
This is not true of the 2-min., 5-min., 
and 12-min. groups, which show about 
the same amount of Dy, but increas- 
ingly smaller losses. Fig. 3B shows 
that losses during Period 3 are about 
the same for all groups. 

Prediction (f) states that greater 
loss will be paralleled by greater 
Dw, The prediction holds only for 
the shorter rest periods of 0, 20, and 
sosec. Inthe case of the longer rests, 
there is loss, but in Periods 1 and 2 it 
parallels performance level rather 
the Dw;. In Period 3, whatever has 
produced this effect disappears, and 
loss is not even related to performance 
level. Apparently loss during prac- 
tice periods is not due solely to cumu- 
lation of Dwy. 


Analysis of variance 


To provide checks on the signifi- 
cance of the foregoing results, analyses 
of variance were performed on coded 
scores at various points in practice. 
The results are given in Table I. It 
is realized that the initial matching 
procedure at least partially invali- 
dates the use of F-ratios, by decreas- 
ing between-groups differences with- 
out correspondingly decreasing within- 
groups differences. Scores from the 
first 20 sec. of practice in Period 1 are 
highly skewed. On the other hand, 
the hypothesis of homogeneity of 
variance could not be rejected (7). 
F’s are here used as indices, and the 
five percent level of confidence ac- 
cepted as statistically and practically 
significant. 

The first analysis given in Table I 
is of scores during the initial 20 sec. of 
practice in Period 1. The adequacy 
of matching is indicated by the rela- 
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TABLE I 


Resutts or Anatysis or Variance at Various Ponts mv Practice 








Sources of Variance Estimate: 
Coded* Scores from 


Between-Groups 
Variance Estimates 


Within-Groups 


Variance Estimates rT 





. First 20 sec. of Period 1 
. Last 60 sec. of Period 1 
. First 60 sec. of Period 2 
. Last 200 sec. of Period 2 
. First 60 sec. of Period 3 
. Last 200 sec. of Period 3 





28.7 
14.8 
17.3 
14.5 
16.7 
17.4 


Not meaningful 











* The following coded scores were used for the indicated analyses: 1. raw scores in terms of .oo!- 
min., divided by 10; 2. raw scores in terms of .co1-min., divided by 30; 3. same as 2.; 4. raw scores 
in terms of .co1-min., divided by 100; 5. same as 2.; 6. same as 4. 

** All between-groups variance estimates can be considered to have five d.f., and all within-groups 


variance estimates to have 138 d.f. 


An F based on five and 138 d.f. must be 2.28 or larger to be sig- 


nificant at the five percent level, and 3.15 or larger to be significant at the one percent level of con- 


fidence (7). 


tively small size of the between-groups 
variance estimate. By the end of Pe- 
riod 1, differential distribution of 
practice has produced highly signifi- 
cant differences in performance levels. 
If there had been no warm-up decre- 
ment, the F’s at the start of Periods 2 
and 3 would probably have been about 
equal and comparable to those at the 
ends. Actually, there was much Dy. 
at the start of Period 2, but little at 
the start of Period 3, as indicated by 
the F’s. The appearance of relatively 
permanent changes in performance 
level is indicated by the statistically 
significant F’s at the ends of Periods 
2 and 3. The sizes of the between- 
groups variance estimates are such 
that one might well conclude that the 
relatively permanent effects of dis- 
tribution on performance level are 
much smaller than are the immediate 
effects or the effects on warm-up dec- 
rement. 

These statistical findings agree with 
those from the other analyses of the 
data made up to this point. 


Discussion 


The present findings with respect to 
relatively permanent decrement asso- 


ciated with different distributions of 
practice are of considerable theoretical 
importance. It was predicted (1) 
that permanent work decrement would 
develop in proportion to the amount 
and time present of temporary work 
decrement. This prediction only 


holds for the o-sec., 20-sec., and s50- 
sec. groups in the present study. The 
2-min. group is not superior in per- 
formance to the 50-sec. group, even 
though less Dw, is developed. Al- 
though they show no Dw,, the §-min. 


and 12-min. groups are actually 
poorer than the S0-sec. group. 

It woud seem that two factors may 
be operating, one leading to better 
performance with greater distribution 
up to 50 sec. or 2 min. between trials, 
and the other leading to poorer per- 
formance with greater distribution, 
especially beyond two min. between 
trials. The two factors would then 
work to produce the present curves 
showing performance levels corrected 
for Dw, and D,, as best with 50 sec. 
or two min. between trials, i.e., with 
best performance (or least Dw,) at 
intermediate levels of distribution. 

Perhaps the poorer showing of the 
§-min. and 12-min. groups is partially due 
to the testing of performance level by 
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introducing continuous practice periods. 
It would be predicted from what is 
known about stimulus gencralization 
gradients, that the longer the Period 1 
intertrial rests, the more different the 
continuous practice would appear to Ss, 
and consequently, the poorer the per- 
formance. Perhaps the failure of dis- 
tributions greater than 50 sec. to lead to 
better performance in Period 1 is due to 
generalization or to interference. The 
longer the rest period, the more activities 
Ss can engage in between trials. With 
more activities there could be more inter- 
ference (8), and less phenomenal simi- 
larity of task from trial to trial, leading 
to less generalization and poorer perform- 
ance. Motivation may also be lower 
with longer rests, since a longer stay in 
the experimental situation is required, 
and greater personal inconvenience re- 
sults. 

The effects of these variables could be 
explored fairly easily. Effects of dis- 
tribution of practice during test periods 
could be determined by comparing results 
when half of each distribution group has 
a continuous-practice test period and half 
a relatively distributed-practice test pe- 
riod. Differential distribution could be 
maintained over a longer period to see if 
there really is an appreciable permanent 
work decrement. Motivation could be 
self- or judge-rated before and after prac- 
tice to see if it is related to phenomena of 
distribution. Finally, different types 
and amounts of activities could be intro- 
duced during longer ‘rest’ periods of the 
same length to determine the importance 
of this variable in limiting the effective- 
ness of greater distribution. 


SUMMARY AND CONCLUSIONS 


Undergraduate women college stud- 
ents (N = 212) were given three 12- 
min. periods of rotary pursuit prac- 
tice. In Period 1, Ss rested o sec., 
20 sec., 50 sec., 2 min., § min., 12 min., 
or 24 hrs. between 20-sec. trials. In 
Periods 2 and 3, the test periods, all 
Ss practiced continuously to equalize 
temporary effects of differential dis- 
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tribution. Smoothed curves based on 
group mean performance levels and 
corrected for warm-up decrement were 
analyzed except in the case of the 24- 
hr. group. The following results were 
obtained and checked by analyses of 
variance: 


1. During Period 1, groups with 
O-sec., 20-sec., 50-sec., 2-min., and 
§-min. intertrial rests developed pro- 
gressively decreasing amounts of tem- 
porary work decrement. During Pe- 
riod 2, the osec. and 20-sec. groups 
developed somewhat less than the 
other groups. 

2. With temporary work decrement 
and warm-up decrement eliminated or 
controlled overall performance levels 
were best for the so-sec. and 2-min. 
groups at the end of Period 1, the 
§0-sec. group at the start of Period 2, © 
the 20-sec. group at the end of Pe- 
riod 2, and the 50-sec. group at the 
start and end of Period 3. Thus, the 
best performance was found at inter- 
mediate levels of distribution. 

3. Warm-up decrement at the start 
of Period 2 was less, the greater the 
distribution had been during Period 1, 
with the 5-min. and 12-min. groups 
showing none. At the start of Period 
3 the o-sec., 20-sec., 50-sec., and 2- 
min. groups showed somewhat less 
warm-up decrement than in Period 2, 
while the 5-min. and 12-min. groups 
showed appreciably more. 

4. Loss in performance level during 
Period 2 did not parallel amount of 
temporary work decrement except for 
theo-, 20-, and 50-sec. groups. Losses 
during Periods 2 and 3 were not closely 
related to general performance level 
or to warm-up decrement. 

The predictions made at the start 
of the paper are only partially sup- 
ported by these results. Probably of 
most significance is the relatively 
poorer performance of the groups 
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given 5- and 12-min. intertrial rests as 
compared with those given somewhat 
shorter rests. Perhaps two variables 
are operating, one which depresses the 
performance of groups with shorter 
intertrial rests and one which de- 
presses that of groups with relatively 
longer rests. This would account for 
better performance at intermediate 
distribution levels. 

Motivation, ‘testing,’ and general- 
ization theories of temporary and 
permanent work decrement were dis- 
cussed, and several further experi- 
ments outlined. 


(Manuscript received for immediate 
publication September 18, 1950) 
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AN EXPERIMENTAL STUDY OF LEARNING 
UNDER AN IRRELEVANT NEED! 


BY IRVING M. MALTZMAN*# 


State University of Iowa 


INTRODUCTION 


Theoretical problem 


Recent discussions of the different 
viewpoints in learning (2, 10) place spe- 
cial emphasis upon the role of reinforce- 
ment in Hull’s theory of behavior (3). 
One author states that, “the theory of 
reinforcement is in a somewhat unique 
status. It is so central that if it is not 
valid the system collapses” (2, p. 106). 
The second author asserts that, “it has 
become a primary postulate with whose 
correctness a complex structure of de- 
ductions and interpretations must stand 
or fall” (10, p. 533). Unfortunately, 
neither of the above authors has clearly 
demonstrated the manner in which the 
concept of reinforcement is related to the 
constructs, guessed-at-relations, and em- 
pirical laws constituting Hull’s theory of 
behavior. 

As presented by Hull in Principles of 
behavior (3), the intervening variable of 
learning (sf) is explicitly defined by 
(1) the number of reinforcements (N), 
(2) magnitude of reward (W), (3) tem- 
poral delay of reinforcements (¢), and in 
classical conditioning, (4) the interval 
between the conditioned and uncondi- 
tioned stimulus. In so far as N is but 
one of several terms appearing in the 
definition of learning, it is not a member 
of a special class, a ‘primary postulate,’ 
but an empirical concept to be opera- 
tionally defined. The controversy of a 


This article is part of a dissertation presented 
in August 1948 to the faculty of the department 
of psychology of the State University of Iowa in 
partial fulfullment of the requirements for the 
M.A. degree. The writer wishes to express his 
appreciation to Professor Kenneth W. Spence for 
his many helpful criticisms and suggestions. 
The experimental results reported here were pre- 
sented at the 1949 meeting of the Midwestern 
Psychological Association. 

* Now at the University of California at Los 
Angeles. 


reinforcement theory of learning os. a 
nonreinforcement theory therefore ap- 
pears to center about the definition of 
the term N. 

In Tolman’s sign-gestalt theory, cog- 
nition or field-expectancy is a function 
of number of reinforcements (N) and 
other variables. N is defined by the 
operations of presentation of a stimulus- 
stimulus (sign-significate) sequence and 
the counting of such occasions. In Hull’s 
reinforcement theory, learning (sp) is 
likewise a function of N and other vari- 
ables. WN is here defined by the opera- 


tions of presentation of a reinforcing or 
goal situation and the counting of such 
occasions. 

If latent learning were to be demon- 
strated as an experimental fact, then 
either the empirical or analytic, or both 


of these components of Hull’s postulate 
concerning the growth of habit strength 
might require modification in order to 
account for the experimental data (3, p. 
178). Since the operations used to de- 
fine the concept of magnitude of reward 
and delay of reinforcement entail the 
operations defining N, a change in the 
operational definitions of two other terms 
in the explicit definition of habit strength 
would be required. Whether or not the 
guessed-at functions relating the experi- 
mental variables and habit strength 
would have to be changed or their con- 
stants modified is an empirical question 
which can only be decided by experi- 
mental trial. Another alternative is the 
introduction of a new construct or some 
additional assumptions in order to in- 
corporate the refractory data into the 
theory. The selection of either approach 
would be dictated by the facts and con- 
venience. 

However, it is not at all apparent that 
the demonstration of latent learning 
would drastically modify the remain- 
ing postulates of Hull’s theory of be- 
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havior. The postulates concerning stim- 
ulus trace and afferent neural interaction 
would remain unchanged. The postu- 
late concerning unlearned receptor- 
effector connections would not require 
modification. Assumptions concerning 
stimulus generalization and effective 
habit strength would be affected only in- 
directly, since effective habit strength is 
defined in part by N. The assertion that 
effective habit strength is a function of 
the distance between the conditioned 
stimulus and the evocation stimulus 
would not be affected by a change in the 
definition of N. Postulate 7 concerned 
with reaction potential or the multiplica- 
tive relation between habit strength and 
drive would remain unchanged. Like- 
wise assumptions concerning inhibitory 
potential, reactive inhibition and condi- 
tioned inhibition, would be unaffected by 
the findings of latent learning experi- 
ments. The same conclusion may be 
reached regarding the postulates of oscil- 
lation, and momentary effective reaction 
potential. None of these postulates ap- 
pear in danger of serious modification as 
a result of the demonstration of latent 
learning. If this is the case, the asser- 
tions of some critics of Hull’s theory of 
behavior that the system stands or falls 
on latent learning is largely gratuitous. 


Previous experimental studies 


Pertinent data on the problem of de- 
fining N are the experimental studies of 
latent learning employing a single choice 
point maze. Two procedures have been 
commonly employed in these studies. 
Animals motivated for a relevant goal 
object (food or water) have commerce 
with a goal object (water or food) for 
which they are satiated. Test trials are 
introduced by establishing a need or de- 
mand for the previously undesired goal 
object while satiating for the goal object 
relevant during training (1, 4, 6, 14, 16). 
In the second procedure, Ss are satiated 
for the goal objects (food and water) for 
which they will be motivated during the 
later test trials while activated by a weak 
irrelevant need (‘social drive,’ or escape 
from confinement). Test trials are intro- 


789 


duced by inducing a need for one of the 
previously undesired goal objects while 
satiating for the other (5,9,15). A 
third procedure has been used by Seward 
(11). Here Ss deprived of food were 
allowed to explore a T-maze with the 
relevant goal object absent from both the 
discriminably different end boxes. Ss 
were then placed directly into one of the 
end boxes and permitted to consume the 
reward now present. Test trials were 
introduced immediately following this 
single commerce with a goal object. Ss 
placed at the start of the maze were al- 
lowed to run to one or the other end box. 
This procedure is similar to the ‘reason- 
ing’ type of situation. Commerce with 
the maze must be combined with a com- 
merce with the end box following a single 
encounter with a goal object found there. 


Statement of problem 


The present experiment is similar in 
design to the second type of experi- 
ment discussed. It is an attempt to 
determine whether Ss unmotivated 


for given goal objects while activated 
by irrelevant needs are capable of 
learning the paths leading to the given 
goals as indicated by a significant in- 
crease in correct choices when the ap- 
propriate motivation is induced at a 
later time. 


EXPERIMENTAL PROCEDURE 
Subjects 
Thirty rats from the colony of the University 
of lowa psychology department, 11 hooded and 
4 albino females, and 10 hooded and 5 albino 
males, were used as subjects in the experiment. 


Their ages ranged from 80 to 150 days at the 
start of the preliminary training. 


Apparatus 


A single choice point T-maze was used; the 
floor plan is presented in Fig. 1. The walls and 
floor of the stem, arm, goal boxes and goal alleys 
were constructed of pinewood. Plywood was 
used to construct the social cages. The stem was 
36 in. long and the arms 30 in. long. Both the 
stem and arms were 24 in. wide and 4 in. high. 
Coarse hardware cloth covered the floor of the 
left goal box while a finer cloth covered the floor 
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Fic. 1. Floor plan of apparatus. 


D,, Dz, Ds, Dy, Ds, De—vertical sliding doors; 


D7, Ds—one-way doors; C;, Cy—curtains. 


of the right goal box, providing for greater differ- 
entiability of the goal boxes. Vertical sliding 
doors controlled by the experimenter were lo- 
cated at both sides of the choice point and at the 
entrance of the goal boxes and goal alleys. A 
curtain was placed in front of each goal box in 
order to shield its contents from view of the Ss. 
The sliding doors and the curtains originally were 
black in the right alley and white in the left alley. 
However, the doors and curtains on both sides 
were painted black after 20 Ss had been run when 
a tendency to form position preferences towards 
black was observed. The social cages were 18 
in. long, 12 in. wide, and 1o in. high, and were 
equipped with a one-way transparent celluloid 
door. 

Overhead lighting was provided by a 100-watt 
bulb approximately eight feet above the choice 
point. 


Satiation procedure 


The satiation procedure employed during the 
preliminary and training periods was as follows: 
The Ss were partially satiated for food by placing 
a large quantity of dog biscuits in their home 
cages two hours before they were to run in the ex- 
periment. One-half hour prior to running, the 
Ss were placed in individual feeding cages con- 
taining dishes of wet mash in order to complete 
the satiation. Water was present in the home 
and feeding cages at all times. 

The satiation procedure employed during the 
test trials for the hunger condition was as follows: 
One-half hour prior to running a test trial, Ss 
under approximately 22 hours of food deprivation 
were placed in individual feeding cages contain- 
ing a water bottle. 

The satiation procedure used during the test 
trials for the thirst condition was as follows: One- 
half hour prior to running a test trial, Ss under 
approximately 22 hours of water deprivation were 


placed in individual feeding cages containing 
eight gm. of dog chow. 

The relative success of the satiation procedure 
used in the training period is indicated by the 
fact that approximately only 20 occasions of eat- 
ing or drinking were observed out of a total of 
1200 trials. 


Preliminary training procedure 

All Ss were handled for at least 10 days pre- 
ceding their preliminary training. During this 
time a drive rhythm based upon a diet of eight 
gm. of Purina dog chow per day was established. 
Ss were adapted to the social cages by putting 
them into each cage for four-hour periods until 
they had spent a total of 24 hours in each social 
cage. 

There were two days of preliminary training, 
two trials per day, in which the satiated Ss ran 
down a straight runway into one or the other of 
the social cages containing a cage mate which 
otherwise did not participate in the experiment. 

Cage mates were randomly assigned to the 
social cages each day during all phases of the 
experiment. 


Training procedure 


Five males or five females were run as a group. 
The males completed their trials before the fe- 
males were run. Two trials per day, the first 
free and the second forced to the opposite side, 
were given for a period of 20 days. Perception 
of the goal objects was insured by placing a bar- 
rier of food in the left goal box which forced the 
Ss to push the biscuits aside or step over them 
in order to pass into the alley leading to a social 
cage. A water dish three in. in diameter placed 
on the floor of the right goal box served a similar 
function by forcing the Ss to walk through the 
water, as many did, or skirt the dish in order to 
pass into the social cage. 
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Every three min. an S in a running group was 
removed from its feeding cage and placed in a 
confinement cage. The S remained in the con- 
finement cage for 15 min. prior to the first trial 
and was returned to it immediately after the 
trial. Each S was allowed to remain in the social 
cage for two min. after entering from the goal 
alley. Approximately 15 min. elapsed between 
the first and second trial of each S. Immedi- 
ately after the second, or forced trial, the Ss were 
returned to their home cages. 


Test trial procedure 

Test trials began the day following the goth 
trial. Ss deprived of either food or water for ap- 
proximately 22 hours while satiated for the other 
goal object were given one test trial on each of 
four successive days. The drive conditions were 
alternated in the order, THHT or HTTH, de- 
pending upon an initial assignment. The Ss 
were permitted to remain 20 sec. in the goal box 
or social cage of the alley chosen. They were 
then returned to the confinement cages for 10 
min. before being placed in the home cages. 
One hour later they were given their food and 
water rations. 


RESULTS 


Results of the four test trials in 
terms of the percent of correct re- 
sponses are shown in Table I. 

A graphic comparison of the percent 
ofjtraining responses made to the side 


80 


70 


TABLE I 


Percent or Correct Responses on 
Aut Four Test Triats 


Test 
Trial 


Percent 
Correct 


I 56.7 
63.3 
3 60.0 


4 
Mean 


50.0 

57-5 
containing the goal object appropriate 
to the drive condition of the first test 
trial, and the percent correct during 
the first test, is shown in Fig. 2. 

Two tests of significance were ap- 
plied to these results. The first test 
was to détermine whether the fre- 
quency of correct response on the first 
test trial differed significantly from 
chance. It resulted in a chi-square of 
.$3 which is significant at only ap- 
proximately the 48 percent level of 
confidence. A standard error of re- 
lated proportions (7) was calculated to 
determine whether performance on 
the first test trial differed significantly 
from performance on the last day of 
training. 

The proportion of appropriate re- 
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Percent responses during training and first test trial to the alley containing the goal 


object appropriate to the drive condition of the first test trial 
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TABLE Il 


Percent or Responses To APPROPRIATE 
Goat Mave sy Ss Huncry anp sy Ss 
Tuirsty Durinc Fiast Test Trac 
anp Last Tratninc TriaL 


Percent Percent 


Thirsty 


sponses on the last training day was 
.434, on the first test trial .567. A 
standard error of .259 was obtained, 
which is only .52 as large as the ob- 
tained difference. A critical ratio of 
this size is significant at only approxi- 
mately the 60 percent level of con- 
fidence. 

Table II gives the percent of Ss 
hungry and of Ss thirsty during the 
first test trial that chose the alley 
leading to the appropriate goal on 
their first test trial and last free train- 
ing trial (satiated). 

The difference between the percent 
of appropriate responses on the last 
training trial and the first test trial, 
13.3, was the same for Ss thirsty and 
for Ss hungry during the first test 
trial. These results would seem to in- 
dicate that the need states induced in 
the present experiment were not differ- 
ential in their effects on latent learn- 
ing. However, any general conclu- 
sion about the possible differential 
role of hunger and thirst needs from 
these data would be unwarranted, 
since the need states were confounded 
with a position habit. The greater 
percentage of appropriate responses 
by the thirsty Ss during the course of 


training indicates the presence of such 
a habit. 


Discussion oF Resutts 


It would appear from the results re- 
ported that the present experiment 
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does not sustain the delimitation of 
the experimental variable N to the 
operations of the presentation of a 
stimulus-stimulus’ sequence and a 
counting of such occasions as pro- 
posed by the sign-gestalt theory. 
The problem remains, however, of 
incorporating into a_ reinforcement 


theory of learning the contradictory 


results of the relevant experiments. 

The writer has attempted an expla- 
nation of these data on the basis of 
Spence’s analysis of stimulus general- 
ization and secondary reinforcement 
(12), and his formulation of the frac- 
tional anticipatory response (13). 

So-called latent learning as defined 
by the general experimental proce- 
dures discussed earlier is proposed to 
be a function of the competition of 
fractional anticipatory responses for 
the relevant and irrelevant goal ob- 
jects. One of the variables determi- 
ning the strength of the anticipatory 
responses, and hence the amount of 
latent learning evidenced, is the tem- 
poral delay between the choice point 
and the goal objects. It is believed 
that this variable is responsible for 
the divergent results obtained in the 
present study. It was previously 
pointed out that the social cages were 
attached directly to the arms of the 
T-maze while in other studies of this 
kind they were not. This shorter de- 
lay in obtaining social reward produced 
a stronger fractional anticipatory re- 
sponse for social reward, permitting it 
to compete successfully with the frac- 
tional anticipatory responses for the 
relevant goal objects. Since the cor- 
rect response in a test trial is presum- 
ably determined by the fractional an- 
ticipatory response for the relevant 
goal object, other things being equal, 
latent learning was not evidenced. 

A consequence of the above analysis 
is the derivation of apparently contra- 
dictory data from a common set of 
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principles and assumptions. That 


the formulation outlined here is more 
than a simple ad hoc construction is in- 
dicated by the derivation of a number 
of testable implications (8). 


SUMMARY 


An attempt was made to delimit the 
status of reinforcement in a theory of 
behavior. It seemed that the contro- 
versy of reinforcement os. nonrein- 
forcement theories of learning centered 
about the definition of one of the ex- 
perimental variables (N) determining 
the hypothetical construct of learning. 
A review of the relevant experiments 
was given, and this experiment was 
presented as an additional investiga- 
tion of the problem. 

Thirty rats satiated for food and 
water were given two trials per day for 
20 days in a T-maze with food on one 
side and water on the other. The Ss 
were motivated to run by a ‘social 
need.’ A test period that followed 
consisted of one trial per day on four 
successive days in which the Ss were 
motivated for one of the goal objects 
while satiated for the other. It was 
found that behavior on the critical 
first test trial did not differ signifi- 
cantly from chance; nor did it differ 
significantly from the last training 
trials. The sign-gestalt view of learn- 
ing as a function of the number of 
stimulus-stimulus sequences therefore 
was not confirmed. 

A theoretical formulation employ- 
ing the construct of the fractional an- 
ticipatory response, and the principles 
of stimulus generalization, secondary 
reinforcement, and an analysis of the 
important temporal variables was pro- 
posed to account for the different ex- 
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perimental results dealing with the 
problem. 


(Manuscript received 
December 10, 1949) 
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THE EFFECT OF INTERMITTENT REINFORCEMENT 
ON THE CHANGE IN EXTINCTION RATE 
FOLLOWING SUCCESSIVE 
RECONDITIONINGS ! 


CHARLES C. PERKINS, JR., AND ANTHONY J. CACIOPPO?* 


Kent State University 


INTRODUCTION 


Recently there has been considerable 
interest in studies involving reinforce- 
ment on a given percent of the learning 
trials, rather than on every trial in the 
learning series. This interest stems 
largely from a series of studies by Hum- 
phreys (5, 6,7) in which he found that 
intermittent (so percent) reinforcement 
(a) led to the same level of performance 
as that obtained when every trial was 
reinforced, and (b) established a re- 
sponse which was more resistant to ex- 
tinction than if continuous reinforcement 
had been used. Humphreys (5) and 


Hilgard (2) have interpreted these find- 


ings as contrary to a stimulus-response 
reinforcement theory of learning such as 
Hull’s (4). However, two recent studies 
in which white rats were the subjects 
have shown that rather than contradict- 
ing Hull’s theory, the results of intermit- 
tent reinforcement studies can be very 
nicely integrated with an S-R reinforce- 
ment theory. i 
The first of these studies is 2 well con- 
ceived experiment by Denny (1) which 
demonstrated rather ciearly that at least 
under some conditions learning 1s as 
rapid (in terms of number of trials) under 
conditions of intermittent as 100 percent 
reinforcement only if there is actually 
secondary reinforcement on the ‘non- 
reinforced’ trials. Thus, Hull’s assump- 
tion that level of learning is a function of 
the number of reinforcements is not in- 


This study was done as a Master’s thesis 
problem at Kent State University by one of the 
authors (A. J. C.). The other (C. C. P.), who 
was the thesis advisor, is responsible for the 
write-up in its present form. 

* Now at the State University of Iowa. 
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consistent with Humphreys’ first finding 
(a above). 

In the second study Sheffield (12) 
tested a deduction from Hull’s theoretical 
explanation (3) of the great resistance to 
extinction shown by responses set up by 
intermittent reinforcement. This ex- 
planation emphasizes that in the typical 
learning or conditioning situation the 
compound conditioned stimulus during 
training has as one component the after- 
effects of the preceding reinforced trial. 
On all extinction trials except the first 
this component is not present, but is re- 
placed by the after-effects of a non-rein- 
forced trial.- Extinction is facilitated by 
this difference between the conditioned 
stimuli on the two series. Thus, ex- 
tinction is actually a test of stimulus 
generalization, an example of ‘transfer 
of training.’ 

Following intermittent reinforcement 
(during which the majority of the rein- 
forced trials follow a non-reinforcement) 
there are no marked differential cues dis- 
tinguishing extinction from learning 
trials. Thus, with near identity of stim- 
uli during learning and extinction series, 
transfer appears to be practically com- 
plete and consequently extinction is un- 
usually slow. However, much less than 
100 percent transfer from conditioning to 
extinction follows continuous reinforce- 
ment where the difference between the 
stimulus complexes is marked. 

Sheffield reasoned that since the after- 
effects of a trial could be expected to dis- 
sipate with time, there would be an inter- 
action between spacing of training trials 
and the type of reinforcement (continu- 
ous or intermittent). That is, type of 
reinforcement should have less effect 
with greater spacing of trials because this 
produces a decrease in the importance of 
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the after-effects of the preceding rein- 
forcement or non-reinforcement. Shef- 
field found such an interaction between 
the effects of spacing of trials and type of 
reinforcement on extinction rate of a 
simple running response. 

The fact that the effects of intermittent 
reinforcement can be explained by S-R 
theory does not mean that these findings 
have become less significant for such a 
theory. So far as the present writers 
can see, only this frame of reference 
would lead to a clear-cut prediction of 
Denny’s and Sheffield’s results. Other 
theories as so far developed would not 
lead to any particular prediction. 

Further tests of deductions from rein- 
forcement theory are now of even greater 
importance. There is also considerable 
need for further studies to determine the 
full implications of the difference between 
the compound stimulus presented during 
conditioning and extinction. It may 
well be that this factor must be considered 
in any theory of extinction and that it 
may serve to integrate findings which 
have not been previously related.* 

Several writers (9,11,12) have sug- 
gested that extinction is more rapid fol- 
lowing continuous reinforcement because 
of the facilitative effect of discrimination 
between conditioning and extinction se- 
ries. This facilitative factor might well 
be partially responsible for more rapid 
rate of extinction with each successive 
extinction series following conditioning 
or reconditioning. Such an increase in 
extinction rate has been reported by 
Pavlov (10) and Skinner (13). 

The increase in extinction rate 
which -has been reported with suc- 
cessive extinction series should be less 
rapid with intermittent than continu- 
ous reinforcement during conditioning 
and reconditioning series, since with 
continuous reinforcement, a discrimi- 
nation between conditioning and ex- 
tinction trials can be more easily estab- 
lished. 


The experiment here reported is de- 


* A more complete theoretical analysis of this 
problem is presented elsewhere (17). 
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signed to determine if this hypothe- 
sized interaction between condition of 
reinforcement and change in extinc- 
tion rate with successive series holds. 
Verification of the deduction may be 
taken as evidence that the change in 
rate of extinction with successive ex- 
tinction series is a special case of dis- 
crimination learning. 


PROCEDURE 


Apparatus.—A modified Skinner-box or bar- 
depression apparatus was used in this experi- 
ment. The interior of the box formed a cube one 
foot on a side. The box was constructed from 
one-half in. plywood throughout, with the ex- 
ception of an 8 X 8 in. glass observation window 
in the center of the roof of the apparatus. Ven- 
tilation of the box was effected by raising one 
edge of the glass window one-half in. above the 
roof of the box. The apparatus was not sound 
proofed, but it was placed in a room which was 
relatively free of distracting noises. Observa- 
tion was facilitated by mounting a mirror at a 
45° angle above the window at the top of the ap- 
paratus. 

The bar, which was shaped like a T, projected 
horizontally from the wall of the apparatus, the 
one-in. cross-piece being horizontal and parallel 
to the wall. By sliding the bar mechanism two 
in., E placed the bar in the response position. 
When in this position the bar projected 14 in. 
through the barslot. As the bar was moved into 
the response position, a click sounded and the 
circuit controlling the recording clock was closed, 
automatically starting the clock. Upon depres- 
sion of the bar (about five-tenths cm. with a 
pressure of approximately four gm.) the latency 
recording clock stopped. The bar slot was lo- 
cated on the back of the box, 34 in. above the 
floor board and midway between the two sides. 
The tin food tray was fixed at a point 2} in. from 
the left wall with the glass food dispenser tube 
projecting into the tray. The tube was mounteP 
flush with the outer side of the back of the box, 
with an inch of it projecting into the box above 
the food tray. A flashlight bulb was located at 
the top of the box immediately above the bar. 
The bulb was so wired that it could be cut out of 
the circuit by the experimenter. When the bulb 
was lit it clearly increased the lighting of the 
interior of the apparatus as judged by human 
observers. 

Subjects.—The subjects were 22 female albino 
rats from the colony maintained by the Kent 
State University Psychology Department. At 
the beginning of training the mean age of the 
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TABLE I 


Summary or THe Expermmentat Desicn 


Type of Reinforcement 


100% Reinforcement 
10 light-food-click 
5 click alone 
16 reinforced trials 
16 reinforced trials 


As days 7-9, plus 30 min. extinction 


animals was 101 days; the range was from 60 to 
120 days. Since one animal lost a tooth during 
the course of the experiment, this subject and its 
control were discarded. 

Experimental procedure.—The animals were 
run in squads of two, one for each of the two ex- 
perimental conditions, i.c., 100 percent and 50 
percent reinforcement. Each squad consisted 
of litter mates. The paired animals never dif- 
fered by more than 10 gm. in weight. At least 
three days before the beginning of preliminary 
training Ss were placed on a 24-hour feeding 
schedule which was maintained throughout the 
course of the experiment. For equation of the 
hunger drive, the weight of the Ss was gradually 
reduced to go percent of normal body weight. 
Throughout the experiment, daily feedings which 
followed the experimental period were just suf- 
ficient to bring the body weight up to 9o percent. 
Purina Fox Chow was used for regular feedings, 
and for reinforcement. 

A reinforced trial consisted of a bar-pressing 
response immediately followed by lighting of the 
flashlight bulb and the presentation of a two- 
tenths gm. food pellet. The light stimulus was 
turned off by E two sec. after the response was 
made. The non-reinforced trial consisted of a 
bar-pressing response which was followed by 
neither light nor food. ‘The bar was withdrawn 
as rapidly as possible after every trial. 

All the animals received the same training 
for the first four days. During this period each 
animal was placed in the apparatus with the bar 
withdrawn. The animal was then presented 
with 10 light-click combinations each followed by 
a two-tenths gm. pellet of food. These combina- 
tions were presented at 30-sec. intervals. After 
a series of 10 paired presentations, five relay 
clicks were sounded alone at 30-sec. intervals.‘ 

On days five and six, each group received the 
same training, which consisted of 16 bar pres- 
entations, all of which were reinforced. Food 

4 These clicks were presented alone to extin- 
guish any possible secondary reinforcing proper- 
ties of the clicks. There was no evidence that 
click alone had any secondary reinforcing prop- 
erties. 

* This procedure was used because exploratory 


50% Reinforcement 
10 light-food-click 
5 click alone 
16 reinforced trials 
16 trials, 8 reinforcements 
As days 7-9, plus 30 min. extinction 


paste was smeared on the bar for the first two 
trials, but after the second trial the bar was 
washed with water to clean off all traces of food 
paste. On every trial during these days and 
throughout the rest of the experiment, the bar 
was presented thirty seconds after the preceding 
response. 

Differential training for the two groups was 
started on the seventh day. On days seven 
through nine, the 100-percent group received 
sixteen reinforced trials and the 50-percent group 
received eight reinforced and eight non-rein- 
forced trials. The sequence of reinforced and 
non-reinforced trials was predetermined so that 
the order was irregular and there were no se- 
quences of more than two successive reinforced 
or non-reinforced trials. 

From the roth to the 17th day of this study, 
the experimental session was divided into two 
phases: conditioning and extinction. The learn- 
ing phase was the same as on days seven to nine. 
The daily extinction period lasted 30 min. A 
summary of the experimental design is outlined 


in Table I. 


REsuLTs AND Discussion 


No detailed analysis of the condi- 
tioning or reconditioning has been 
made, since our interest is primarily 


in extinction. However, qualitative 
observations of E indicated that the 
animals were responding at their max- 
imum rate by the end of day six, be- 
fore differential training was started. 
Thus, the first extinction followed con- 
siderable ‘overlearning.’ It is also of 
interest that so far as could be ob- 
served, spontaneous recovery was 


work had indicated that establishment of the 
response with so-percent reinforcement (and 
no secondary reinforcement on ‘nonreinforced 
trials’) was slow. This observation suggests that 
Denny’s findings would hold for establishment of 
a bar depressing response. 
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PER 3OMINUTE PERIOD 





MEAN NUMBER OF RESPONSES 


50% REINFORCEMENT GROUP 


100% REINFORCEMENT GROUP 








SUCCESSIVE 


Fic. 1. 


EXTINCTION PERIODS 


Curves showing the relationship between the mean number of responses during a 30-min. 


extinction period and the ordinal number of the extinction series. The upper curve is based on the 
10 Ss in the 50-percent reinforcement group, the lower on the 10 animals trained only by continuous 


reinforcement. 


complete before each reconditioning 
series. 

In Fig. 1 and Table II evidence is 
presented which is in line with the 
findings of Humphreys (5,6) and 
Mowrer and Jones (9) that extinction 
is slower following intermittent rein- 
forcement on training trials. The 
mean number of responses made by 
the 50- and 100-percent groups during 
daily 30-min. extinction periods are 
shown there. As we compare the 
50- with the 100-percent groups, we 
see that the mean number of responses 


TABLE 


is greater under the former condition 
for equivalent extinction periods. 


As shown in Table II, the differ- 
ences between mean number of re- 
sponses made by the groups during 
corresponding extinction periods is sig- 
nificant at the 0.1 percent level of con- 
fidence, except for the second extinc- 
tion where the difference is significant 
at the one percent level of confidence. 
Thus, under the particular conditions 
of this experiment, habits set up un- 
der conditions of 50-percent reinforce- 
ment are more resistant to extinction 


Il 


Mean Numper or Responses Durtnc Eacu Extinction Periop ror sota Groups, 
THE DIFFERENCES BETWEEN THE Two Groups For CorresPponpiING Periops AND 





THE SIGNIFICANCE OF THESE DiFFERENCES 
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than those set up under conditions 
of 100-percent reinforcement. 

In Table III data are presented in- 
dicating the significance of the change 
in extinction rate with successive ex- 
tinction series which is apparent in 
Fig. 1. In this table, the mean differ- 
ence between the number of responses 
occurring during the 30-min. extinc- 
tion periods on days one and seven are 
presented for the 100- and S0-percent 
groups. The mean difference was 
computed for each group by subtract- 
ing the number of responses on day 
seven from the number occurring on 
day one for each of the 10 animals in 
the group and computing the mean of 
these differences. 


TABLE Ill 


Mean Dirrerence BETWEEN THE NuMBER 
or RESPONSES MADE DURING THE 
30-Minute Extinction Peaiop 
on Day One anv Day Seven 

FOR 50% anp 100% Groups 








Mean of. ¢ 
Group | / - 4 iffer - t P 
e 








g.01 | .0o1 
3.23 | .O1 


100% 
50% 





The exact hypothesis that the mean 
of these differences is zero was tested 
for both groups by means of the #-test. 
As shown in Table III, this hypothesis 
can be rejected at the 0.1 and one 
percent levels of confidence for the 
100- and §50-percent groups, respect- 
ively. This statistical test taken in 
conjunction with the clear trends 
which can be seen in Fig. 2 indicates 
clearly that there is a decrease in 
nu: ber of extinction trials with suc- 
cessive extinction series. According 
to the hypothesis that any increase in 
extinction rate is dependent upon a 
discrimination between learning and 
extincuon, these results imply that 
uncer both conditions there are cues 
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differentiating learning from extinc- 
tion trials. 

A test of the hypothesis that the 
change in rate of extinction is more 
rapid for the 100- than for the 50-per- 
cent reinforcement condition is not 
meaningful if made in terms of the ab- 
solute decrease in number of responses 
from the first to the last extinction 
period. The reason for this is that 
for three pairs of Ss the number of re- 
sponses made during the first extinc- 
tion period by the 100-percent rat was 
less than the number of responses 
made on extinction one minus the 
number made on extinction seven by 
the 50-percent animal. That is, the 
absolute decrease for the 100-percent 
group sometimes could not be as great 
as for the 50-percent group due to the 
difference in extinction rates on day 
one. 

Therefore, the number of responses 
in the seventh éxtinction period di- 
vided by the number made during the 
first extinction was used as an index of 
change in the rate of extinction. For 
example, the first S in the 100-percent 
group made 26 responses during his 
first extinction and six during the last. 
The index for this rat is 6/26 or 0.231. 
This index was computed for each sub- 
ject. Then the index for the 50-per- 
cent S minus the index for the corre- 
sponding 100-percent animal was de- 
termined for each pair of subjects. 
Then, since the 50-percent animal in 
the first pair had an index of 14/22 or 
0.636 the difference between the in- 
dices for these two Ss is 0.405 (0.636- 
0.231). The exact hypothesis that 
the mean (0.356) of these differences 
is zero was then tested by the ¢ test.® 


* The formula used for the test of significance 
was 


This method of testing the null hypothesis for re- 
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MEAN NUMBER OF RESPONSES, 





S07 REINFORCEMENT GROUP 


100% REINFORCE MENT GROUP 





DURING FIRST FIVE MINUTES OF EXTINCTION 


SUCCESSIVE 


4 


EXTINCTION PERIODS 


Fic. 2. Curves showing the relation between the mean number of responses during the"first five 
min. of the extinction period and the ordinal number of the extinction series. ‘The upper curve’shows 
this relationship for the 50-percent group; the lower for the 100-percent Ss. 


A t of 3.60 was obtained. Thus, with 
nine degrees of freedom, we may re- 
ject the hypothesis that the index is 
the same with both conditions of rein- 
forcement at the one percent level of 
confidence. We may now conclude 
that change im extinction rate as meas- 
ured by our index is greater for con- 
tinuous than for intermittent rein- 
forcement.? Thus, our results are in 
line with the hypothesis the experi- 
ment was designed to test. 


lated measures is outlined by Lindquist (8, p. 
58). The same method is used to test for the 
significance of the difference between the means 
of related samples for all such tests below. 

7 Further evidence of the significance of the 
difference between the change in number of re- 
sponses during extinction for the two groups 
comes from the fact that for only one of the 10 
pairs of animals was the index larger for the mem- 
ber of the pair with 100-percent reinforcement. 
From expansion of the binomia! we find that as 
many as nine of the ten differences would be in 
this direction only 11 times per 1024. 


TABLE IV 
Mean Numper or Responses MApE sy Eacu 
Group purine Fiast Five Minutes or 
Extinction on Days One anv Ssven, 
Mean Dirrerence BETWEEN THE NuMBER 
or Responses on THESE Days AND THE 
SIGNIFICANCE oF THIS DirrFERENCE 


Group 


y! Many +} 


| 
| 





The extinction data based on the 
first five min. of each extinction are 
presented in Fig. 2, since the begin- 
ning of the extinction periods is of 
particular theoretical significance. 
In this graph, the mean number of re- 
sponses during the first five min. of 
extinction is plotted against the ordi- 
nal number of the extinction series for 
each group. As shown in Table IV, 
the decrease in number of responses 
during the first five min. of extinction 
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from days one to seven is significant 
at the 0.1 percent level of confidence 
for the 100-percent animals.* On the 
other hand, we have no evidence of a 
similar decrease for the 50-percent 
group where the obtained mean drop 
of one-tenth of one response obviously 
could be attributed entirely to 
chance." The mean decrease in 
number of responses during the first 
five minutes of the extinction periods 
for the 100-percent group minus the 
corresponding decrease for the 50-per- 
cent group is 4.2 Using the test for 
related measures, we obtain a ¢ of 
6.03 which is significant at beyond the 
0.1 percent level of confidence. Thus, 
there is an interaction between change 
of extinction rate and type of rein- 
forcement if extinction rate is meas- 
ured in terms of number of responses 
during the first five min. of extinction. 
This confirms our conclusion from the 
results when responses during the en- 
tire extinction period is the measure 
used. 

Mowrer and Jones (9g) have reported 
that “rats can learn to discriminate 
between one and two bar depressions 
and between two and three, but be- 
yond this their discrimination becomes 
unreliable” (p. 296). Thus, our find- 
ing that extinction rate during the 
first five minutes does increase with 


* The same test of significance was used here 
as for the corresponding test for the entire ex- 
tinction period. 

* A decrease in number of responses from the 
first to the last extinction period during the first 
five min. of extinction was obtained for nine 
animals while there was no change for the tenth 
in the 100-percent condition. There were four 
decreases and two increases in the S0-percent 
group, the other four Ss showing no change. 

It is entirely possible (though in view of 
other findings it seems unlikely) that there was 
no evidence of a change in extinction rate be- 
cause the response was overlearned so much that 
a great change in the strength of the habit would 
be necessary to allow it to appear, since even with 
a marked drop in response tendency the animals 
would still respond at the maximum rate possible. 
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successive series under conditions of 
100-percent reinforcement is to be 
expected, since here a stable discrim- 
ination can be established. Our re- 
sults for the 5o-percent condition may 
be interpreted as indicating that a dis- 
crimination between three bar de- 
pressions (sometimes necessary for 
reinforcement on training trials) and 
10 bar depressions (maximum possi- 
ble in five min.) did not develop. 
Such a discrimination is hardly to be 
expected in the rat except perhaps 
with greatly ‘extended training. 
These results based on the first five 
min. of extinction (which unfortu- 
nately we did mot specifically predict 
in advance) offer striking support of 
the hypothesis that extinction is fre- 
quently facilitated by differential 
cues not present on conditioning trials. 

The results reported above support 
fully the hypothesis that: (1) there 
are differential cues on conditioning 
and extinction series which facilitate 
extinction; (2) that this facilitative 
effect is more marked with 100- than 
with so-percent reinforcement; and 
(3) that the effect becomes greater 
with further conditioning and extinc- 
tion series for the same subject. Al- 
though some of the conditions of the 
experiment probably produced especi- 
ally marked after-effects, e.g., the re- 
inforcement with both light and food, 
other conditions, ¢.g., 30-sec. spacing 
of trials, are not especially conducive 
to development of a clear cut discrim- 
ination on the basis of these after- 
effects. It seems to us that this factor 
of differentiation based on the after- 
effects of preceding trials is of con- 
siderable importance in many learning 
situations and must become an inte- 
gral part of any theory of extinction. 
This point has been developed further 
elsewhere (11). 

In our opinion, other explanations 
of the greater resistance to extinction 
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shown by responses set up by intermit- 
tent reinforcement, especially Humph- 
reys’ loosely formulated ‘expectancy 
hypothesis’ (5), cannot be used to pre- 
dict our results. Perhaps Hilgard’s 
charge (2, pp. 112-113) that Hull’s 
system neglects experiments on inter- 
mittent reinforcement would be better 
directed against any other learning 
theory. 
SUMMARY 


1. Two groups of 10 white rats each 
were strongly conditioned to make a 
bar-depressing response, one under 
conditions of continuous reinforce- 
ment and the other by 50-percent re- 
inforcement. Both groups were then 
extinguished, reconditioned, re-extin- 
guished, etc., until there had been a 
total of seven extinction periods. 

2. Animals trained under 50-per- 
cent reinforcement were found to be 
more resistant to extinction on com- 
parable extinction series than those 
trained under 100-percent reinforce- 
ment. 

3. Both groups showed fewer trials 
to extinction with each successive ex- 
tinction series. 

4. The change in rate of extinction 
with successive extinction series was 
significantly more rapid under condi- 
tions of continuous reinforcement. 

5. If only the first five min. of the 
extinction periods are analyzed, no 
change in rate of extinction is found 
for the so-percent group. However, 
a change in rate was found to be 
statistically significant for the 100- 
percent group. 

6. These results are in complete 
agreement with predictions from an 
extension of Hull’s theory. 


(Manuscript received 
November 21, 1949) 
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THE INTER-RELATIONSHIP OF OPERANT LEVEL, 
EXTINCTION RATIO, AND RESERVE 


BY DONALD H. BULLOCK 
University of Buffalo 


Three important measures of oper- 
ant behavior are: (1) the operant 
level, (2) the extinction ratio, and 
(3) the reserve. The following study 
reports on the inter-relationship of 
these three measures in the Skinner 
box. 


1. Operant level: the pre- or uncondi- 
tioned rate of response of an operant re- 
sponse is referred to as the operant level 
or operant rate (5). The measurement 
of this pre-conditioning strength is usu- 
ally done by means of one or more ‘free 
activity’ sessions, in which the response 
(lever-pressing) is allowed to occur but 
no experimentally-produced _reinforce- 


ment is provided. The number of re- 
sponses per session typically declines (5), 
so that it is generally advisable to obtain 


a series of measurements. Previous data 
(3, 5), as well as that obtained in this re- 
search, indicates that in four to six days 
the operant level has reached a stable 
value, the actual value depending on such 
conditions as the drive (§), etc. In this 
experiment, five consecutive daily half- 
hour sessions were conducted. The 
measure of the operant level for any 
given rat was the median number of re- 
sponses per 30 min. for the five sessions. 

2. Extinction ratio: during periodic re- 
inforcement, in which responses are rein- 
forced at regular temporal intervals, the 
number of responses occurring between 
successive reinforcements tends to reach 
a stable value (6). This value is said by 
Skinner to represent the height of the 
reserve (see [3] below). This being the 
case, a high positive correlation should be 
found between the number of responses 
per reinforcement interval during condi- 
tioning with periodic reinforcment 
(called by Skinner the ‘extinction ratio’) 
and the resistance to extinction of the 
response (called by Skinner ‘reserve’) 
during subsequent extinction. In this 


experiment the animals were given a 
total of 60 reinforcements, during two 
successive daily sessions, at an interval 
of two min. The measure of the extinc- 
tion ratio for a given animal was the 
median number of responses per rein- 
forcement interval during the second 
periodic conditioning session (30 rein- 
forcements). 

3. The reserve: Skinner has applied 
the term ‘reserve’ to the total number of 
a specified response available in an or- 
ganism’s repertoire. Typically, psychol- 
ogists have referred to the term as “‘re- 
sistance to extinction,” since a large part 
of the reserve is the potential number of 
extinction responses added by reinforce- 
ment. However, one important differ- 
ence has resulted from use of the term 
reserve. That is, ‘Skinnerians’ have 
usually obtained prolonged ext'nction 
curves, ranging from one tc eigiit or more 
hours in duration, whether obtained at 
one session or in successive sessions. 
‘Non-Skinnerians’ have, on the other 
hand, been more inclined to measure the 
number of responses required to attain a 
criterion, such as five min. of no-response. 
The objection to this latter precedure is 
(a) that data reported by the Indiana 
Laboratories (4) indicates little correla- 
tion between this criterion and the total 
number of responses obtained in six 
hours of extinction; and (b) if some vari- 
able, such as the duration of the interval 
separating extinction trials or sessions, 
operates in such a manner as to initially 
increase the rate of response without ma- 
terially affecting the overall total num- 
ber of responses (1), then this would 
likely not be shown in research utilizing 
a five-min. criterion. 

In this experiment the reserve was 
measured by allowing the conditioned 
animals to respond to the lever without 
experimentally administered reinforce- 
ment for a five-hour continuous session. 
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OPERANT LEVEL, EXTINCTION RATIO, AND RESERVE 


The measure of the reserve was simply 
the total number of lever-pressings oc- 
curring during this five-hour extinction. 

Since the operant level stabilizes at a 
point above zero (if it did not, condition- 
ing could not occur), this operant level 
may well be reflected in subsequent ex- 
tinctions, thereby influencing the reserve 
obtained. One aim of this experiment 
was to correlate pre-conditioning operant 
level with the post-conditioning reserve. 


Tue PrRospLeM 


To determine the product-moment 
inter-correlations of the following as- 
pects of operant behavior: pre-condi- 
tioning operant level; the extinction 
ratio obtained during periodic rein- 
forcement conditioning; and the re- 
serve or resistance to extinction fol- 
lowing this conditioning. 

The following specific problems 
were under consideration: 


1. Is the pre-conditioning rate or 


strength of response reflected in (a) 
the extinction ratio during PR, or (b) 
the reserve? 

2. Is the extinction ratio positively 
correlated with the reserve, as Skin- 
ner’s formulation would demand? 


APPARATUS AND PROCEDURE 


The basic appratus used has been described 
in detail elsewhere (2). The living-experimental 
cage, lever, feeder, and four-channel polygraph 
of the Columbia University laboratory were 
utilized. 


1. Operant level: following the usual prelimi- 
nary procedure of habituation to the living- 
experimental box and the establishment of an 
eating schedule, the rats were each given five 
half-hour sessions on consecutive days during 
which the lever was available but no responses 
were experimentally reinforced. 

2. Extinction ratio: following the operant 
level sessions, conditioning by means of regular 
reinforcement with food (finely ground Purina 
laboratory chow, each reinforcement consisting 
of approximately 1/20 gm.) was conducted. 
The lever was inserted, 30 consecutive responses 
were reinforced, the first and 30th with quin- 
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tuple-reinforcement (5/20 gm.), and the lever 
was retracted. Two hours later, 30 reinforce- 
ments were administered at two-min. intervals. 
The following day this procedure was repeated, 
with omission of the original 30 regular reinforce- 
ments. 

3. Extinction: the day following the second 
PR training session, the lever was inserted and 
remained available continuously for five hours. 
No reinforcement was experimentally adminis- 
tered. 

With the exception of the first PR session, the 
rats had been deprived of food for approximately 
20 hours prior to the start of an experimental 
period. The animals, male albinos from the 
Wistar Colony, were about 130-140 days of age 
at the start of experimentation. All of the 32 
rats had been previously used in an experiment 
on the magnitude of reinforcement in the Gra- 
ham-Gagné runway (7). No relationships were 
found between differences in their prior history 
and their lever-pressing behavior. 


RESsULTs 


Table I presents the product-mo- 
ment correlations' of the three meas- 
ures used. 

TABLE I 


Tue CoRRELATIONS BETWEEN THE OPERANT 
Levet, Extinction Ratio, anp Reserve, 
AND THE Mu ttipLe CorRELATION OF THE 
Operant Levet-Extinction Ratio 
AND THE RESERVE 


Operant rate and reserve 
Extinction ratio and reserve 
Operant rate and extinction ratio 
Operant rate-extinction ratio and 
reserve (multiple correlation) 


474 +.094° 
611 +.076* 
173 +&.085 


716° 


* Statistically significant. 


1. Operant level and extinction 
ratio: the product-moment correlation 
of these two measures (.17) shows a 
statistically insignificant relation. 
Evidently the operant level is not 
appreciably reflected in the rate of 
response during periodic reinforcement 
conditioning. 

2. Operant level and reserve: the 
product-moment correlation of these 


1 Research conducted in the Columbia Uni- 
versity Psychology Laboratory, 1947. Statisti- 
cal computations by Mr. Louis J. Gerstman. 
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two measures (.47) shows a statisti- 
cally significant positive relation. The 
operant rate exerts an appreciable in- 
fluence in the reserve or resistance to 
extinction. 

3. Extinction ratio and reserve: 
the product-moment correlation of 
these two measures (.61) shows a sta- 
tistically significant positive relation. 
Skinner’s formulation, which holds 
that the extinction ratio—the number 
of responses per reinforcement interval 
during PR training—is a reflection of 
the size of the reserve, is substantiated 
by this correlation. 

4- Operant level and extinction 
ratio (combined) and the reserve: the 
multiple product-moment correlation 
of these measures (.71) shows that by 
combining the operant level and ex- 
tinction ratio measures we can raise 
the predictive value of our correlation 
with regard to the reserve (from .61 to 
.71 for the extinction ratio alone; from 
.47 to .71 for the operant level alone). 

Since the operant level is signifi- 
cantly reflected during extinction, it 
would seem desirable to equate groups 
of animals on the basis of operant 
level prior to experimentation proper 
in which reserve or resistance to ex- 
tinction is to be used. Such equating 
would heighten both the reliability 
and validity of experimental findings. 

Since the operant level is not ap- 
preciably reflected in the extinction 
ratio, the possibility might well be 
considered that the extinction ratio 
is actually a more adequate measure 
of the reserve produced by reinforce- 
ment than is the reserve as measured 
during extinction. 


SUMMARY AND CONCLUSIONS 


Thirty-two rats were used in an 
experiment in which five daily operant 
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level sessions, followed by one regular 
reinforcement and two periodic rein- 
forcement conditioning sessions, and 
a subsequent five-hour continuous ex- 
tinction session were conducted in the 
Skinner box. The inter-correlations 
of three measures of the lever-pressing 
behavior were computed. They 
showed: 


1. The operant level is significantly 
correlated with reserve. 

2. The operant rate is insignifi- 
cantly correlated with the extinction 
ratio. 

3. The extinction ratio is signifi- 
cantly correlated with the reserve. 

4. Combining of the operant level 
and extinction ratio increases the cor- 
relation of these measures with the 
reserve. 

(Manuscript received 
December 10, 1949) 
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Association, founded in 1892 and incorporated in 1925, is 







the major organization in the United States. With approximately 6,700 
members and 2,000 it inclucles most of the qualified psychologists in the country. 
The purpose of the APA is to advance psychology as a science, as a profession, and as a 
means of promoting welfare. It attempts to further these objectives by holding 
annual meetings, psychological jourvals, conducting a personnel placement 


erie forpajcholegst,ud wrkingtvard proved andar fr poyelgcal ae 
ing and service. 


In order to give recognition to the specialized interests of different psychologists, the 
APA includes seventeen Divisions. Any person, after becoming a member of the APA, 
may apply for membershipin as many Divisions as he wishes. The Divisions cre: 


Division on Evaluation and Measurement 

Division on Childhood and Adolescence 

Division of Personality and Social Psychology 
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Division on Esthetics 

Division of Clinical and Abnormal Psychology 
Division of Consulting Psychology 

Division of Industrial and Business Psychology 
Division of Educational Psychology 

Division of School Psychologists 

Division of Counseling and Guidance 

Division of Psychologists in Public Service 
Division of Military Psychology 

Division on Maturity and Old Age 


Each Division has its own officers. Each meets annually at the time and place of 
the APA meeting. Each has its own membership requirements, which in some cases are 
higher or more-specialized than the requirements for election to the APA. ; 


The annual meetings of the APA are held in September. An attempt is made to choose 
meeting sites in such a way that attendance will be convenient for members and their guests 
in different sections of the country at different times. Thus, the 1951 meeting will be held 
from August 31. through September 5 in Chicago, and the 1952 meeting in Washington, 
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in formal and informal discussion groups. The research reports, lectures, and discussion 
groups cover varied topics of current interest within the field of psychology. 
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representatives from each of the Divisions. A Board of Directors, composed of the four 
officers of the APA (President, President-elect, Recording Secretary, and Treasurer) and 
six Council members elected by the Council, is the administrative agent of the Counc’l and 
exercises general supervision over the affairs of the Associatidn. 


The APA maintains an office in Washington which acts as a coordinating center for all 
APA activities. Journal subscriptions, membership applications, personnel placement 
requests, and general APA business procedures are handled in this office. 
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100 MILLIMETERS 


INSTRUCTIONS Resolution is expressed in terms of the lines per millimeter recorded bya 

film under. specified conditions. Numerals in chart indicate the numberof lines per millimeter i 

“T-shaped” groupings. 
In microfilming, it is necessary to determine the reduction ratio and multiply the number of lines in | 

chart by this value to find the number of lines recorded by the film. As an aid in determining the redyeti 

ratio, the line above is 100 millimeters in length. Measuring this line in the film image and dividing the length 

into 100 gives the reduction ratio, Example: the line .is 20 mm. long im the film image, and 100/20 


\Bxamine “T-shaped” line groupings in the film with microscope, and note the number adjaceane A 
lines Fecorded sharply and distinctly. “Multiply this number by. the reduction factor to obtain teso ving 
in lines. per millimeter. Example: 7.9 group of lines is clearly recorded while lines» in che 10.0, 

geparated. Reduction ratio is 5, and 7.9 x 5 = 39.5 lines per millimeter rd 

10.0 x 5 = 50 lines per millimeter which are not icondad satisfacrorily. Under ¢he part 
jons, maximum resolution is between 39.5 and 50 lines per millimeter. 4 J 

a akin. as measured on the film, is a test of the entire photographic system, including I 

ssing, and other factors. There ee tities maximum reiolaras of the film. Nie 
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